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ABSTRACT OF THESIS 
INFLUENCE OF DIETARY MANIPULATION ON THE RELATIONSHIP 
BETWEEN TEMPERAMENT MEASURES AND GROWTH IN BEEF CATTLE: 
ENDOPHYTE EXPOSURE, PHYTOGENIC SUPPLEMENTATION, AND 
CONTROLLED FEEDING   
The influence of dietary factors (including endophyte exposure, phytogenic 
supplementation, and controlled feeding) on relationships between exit velocity (EV), 
growth performance in grazing and finishing cattle, and carcass characteristics were 
explored.   Two grazing studies were conducted evaluating EV effects on cattle grazing 
both toxic and nontoxic endophyte-infected tall fescue.  Cattle were followed through 
two subsequent finishing studies and an additional beef cattle finishing beef cattle study 
was also conducted. Results from these studies agree with many literature reports 
indicating that EV measures relate to growth performance and associated carcass traits in 
beef cattle being fed high energy diets in confinement, but also indicated that a high 
degree of acclimation to handling prior to EV determination can erode the value of EV as 
a predictor of finishing performance.  Relationships between EV and ADG under grazing 
conditions were weaker and less predictable.  Prior handling and acclimation to facilities 
may influence ability to accurately measure relationships between EV and growth 
performance. Large difference in grazing ADG, induced by differences in exposure to 
endophytic alkaloids, did not alter the relationship between EV and ADG during 
finishing. Grazing toxic vs. non-toxic tall fescue showed potential to influence the 
response to dietary supplementation with a commercial phytogenic additive. 
Additionally, determining proper components, mode of action, proper dosage, and all 
potential effects of phytogenic supplementation on beef cattle is needed before 
consideration as either complements or replacements to antibiotics.  Finally, utilizing 
controlled feeding may be beneficial for testing particular hypotheses but economic 
benefit is questionable when considering loss in overall hot carcass weight. 
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CHAPTER 1. LITERATURE REVIEW 
Introduction 
 The objective of this review is to summarize previous scientific knowledge 
regarding the relationships between bovine temperament and feeding management on the 
performance and carcass quality of grazing and finishing cattle.  This will be achieved by 
first evaluating measures of temperament (MOT).  Objective measures of exit velocity 
(EV) and reported effects on beef cattle performance, efficiency, and carcass quality will 
be highlighted.  Differing management practices and dietary conditions may potentially 
alter effects of bovine temperament on performance of growing and finishing cattle 
(Mimiko, 2016; Bruno et al., 2017).  In the Southeastern U.S., one of the predominant 
nutritional factors affecting both grazing and subsequent feedlot performance is the use of 
endophyte (Epichloё coenophiala)-infected tall fescue (Lolium arundinaceum (Schreb.) 
Darbysh. = Schedonorus arundinaceus (Schreb.) Dumort., formerly Festuca arundinacea 
Schreb. var. arundinacea Schreb.) in grazing systems. Because tall fescue is the most 
prevalent pasture grass in the humid transition zone of the eastern U.S. (Hoveland, 1993), 
there is considerable interest in factors affecting performance of stocker cattle grazing 
endophyte-infected tall fescue and their subsequent feedlot performance.  Additionally, 
there is growing interest in the use of novel phytogenic compounds for livestock 
supplementation.  As with ionophores (Mimiko, 2016; Bruno et al., 2017), the use of 
these potentially rumen-modifying supplements could also be expected to affect 
temperament relationships with growth, and thus use of phytogenic supplements for beef 
cattle will be reviewed.  There is evidence that much of the effect of temperament on 




growth rates in beef cattle is mediated through effects on dry matter intake. As such, the 
use of restricted feeding could help shed light on the relationships among MOT, intake, 
and feed efficiency. Therefore, review of research related to controlled feed intake of 
finishing cattle and effects on growth and efficiency will also be included.           
Relationships Between MOT and Production in Beef Cattle 
Temperament 
  Cattle responding to normal handling practices with aggressive or excitable 
attitudes can have costly and dangerous effects on the beef cattle industry, as this poses a 
threat to both the animal and the handler.  Moreover, production responses such as 
growth and meat quality can be negatively impacted by animals exhibiting excitable 
behavior during human interaction (Burrow, 1997).  Traditionally, cattle exhibiting this 
kind of behavior would be classified as having a “poor” or “excitable” temper; however, 
the term “temperament” is broader than what can be captured by a single measurement, 
and evaluation can be conducted in multiple ways.   
Cattle that present as difficult to handle in the chute do not necessarily have poor 
temperament (Tulloh, 1961).  When evaluating bovine temperament, the complexity of 
measures should be considered, and genetic variability, learned behaviors, and 
subjectivity of observations add additional challenges (Adamczyk et al., 2013).  
Furthermore, when considering beef cattle in production settings, temperament as it 
relates to the reaction of animals to human handling is of extreme importance to animal 
welfare, human safety, and production goals (Burrow, 1997).  Because “temperament” 
represents a combination of behavioral traits, it is more useful to evaluate relationships 




between individual MOT and explicit measures of production rather than to use a vague 
classification of “temperament” (Bruno et al., 2018).     
Measures of Temperament                                                          
There are a variety of reasons that cattle researchers and producers may be 
interested in temperament, including understanding heritability and making selection 
decisions, but also to better understand and manage relationships between MOT and 
particular production traits.  Here, the focus is on the latter, and as such, the literature 
reviewed here includes studies that reported average daily gain for growing and finishing 
cattle.  Additionally, only journal articles reporting at least one objective measure of 
temperament, either EV or objective measure of chute scores were utilized.  Both EV and 
chute scores can be considered as a measure of variation of animal responses to 
interaction with humans (Adamczyk et al., 2013), and the current literature provides 
some evidence these measures may be predictors of production responses.  Measures of 
temperament while animals are under restrained conditions (i.e. confined in a squeeze 
chute) or directly after, offer the most utility for beef cattle producers.  These measures 
are relatively inexpensive, do not require additional cattle handling or interaction, and do 
not interfere with typical cattle processing practices.  Measures under these conditions 
may relate more closely to an animal’s “general agitation” rather than a response to “fear 
of people” (Petherick et al., 2009a), reducing the concerns of measuring temperament 
under the influence of humans as discussed in Sebastian et al. (2011).  The most 
commonly reported MOT include chute scores (measured under restrained conditions), 
EV (measured directly after restrained conditions), or combined indices (combination of 
both EV and chute scores).          





 Chute scores (otherwise known as crush scores) have previously been measured 
both subjectively and objectively.  Subjective chute scores rank the bovine’s response 
during initial restraint in a squeeze chute.  A predefined scale is utilized by an individual 
with clear visualization of the chute in order to assign each animal a score.  Grandin 
(1993) originally described the most commonly used scale rankings.  The ratings are: (1) 
calm, no movement; (2) slightly restless; (3) squirming, occasionally shaking the chute; 
(4) continuous, very vigorous movement and shaking of the chute; (5) rearing, twisting of 
the body, and violent struggling (Grandin, 1993).  Cattle with numerically lower 
subjective chute scores have demonstrated improvements in growth and feed efficiency, 
and these scores have been correlated with EV measures (Cafe et al., 2011b).  Although 
both subjective chute score and EV measures may appear to be correlated, it is likely 
these measurements are individually affected by overlapping underlying psychological 
components rather than the same specific component (MacKay et al., 2013).  One of the 
most comprehensive studies evaluating 21,528 feedlot cattle from 18 separate locations 
over a four-year span and utilizing a self-developed scale for subjective temperament 
measurements concluded: while animal disposition greatly affects feedlot performance, 
developing objective models would further aid in predicting animal performance 
(Reinhardt et al., 2009).  Subjective chute score measures should be used with caution, 
and the use of objective measures would alleviate subjectivity concerns (Curley et al., 
2006; Reinhardt et al., 2009; Sebastian et al., 2011). Additionally, Cafe et al. (2011b) and 
Bates et al. (2014) reported concerns of subjective chute score repeatability in finishing 
cattle.  One solution to alleviate subjectivity variation would be to calculate bovine 




movement while in a squeeze chute objectively.  This can be done by measuring the 
variation of weights recorded across a set time interval with head captured, no squeeze 
applied, and undisturbed by human interaction (Sebastian et al., 2011; Bruno et al., 2017; 
Bruno et al., 2018).  Due to the subjectivity of typical chute scores and inconsistent 
relationships between objective chute score measures and ADG (further discussed in 
combined indices), relationships between chute scores and production characteristics 
need to be further researched.        
Exit Velocity 
Exit velocity (aka flight speed) is calculated as the amount of time it takes an 
animal to travel a set distance after release from the squeeze chute (Burrow et al., 1988).  
Authors may also report this measurement as flight time, similar to EV, but without 
dividing distance by time, and thus not standardized for inter-study comparisons (where 
different measurement distances are commonplace).  In finishing cattle, it has been found 
that EV measures are highly repeatable over time (Petherick et al., 2002; Curley et al., 
2006; Kadel et al., 2006; Cafe et al., 2011b; Vetters et al., 2013; Bruno et al., 2016), 
suggesting that initial measures can be used to predict subsequent measures, and reducing 
the need for multiple measurement captures over time (Burrow and Dillon, 1997; 
Petherick et al., 2003; Behrends et al., 2009).  Exit velocity may be the best MOT for 
stocker and feedlot operations to determine production outcomes solely on an initial 
arrival measurement.  Three studies claimed EV was the “best” measurement to 
determine superior productivity in finishing cattle (Curley et al., 2006; Vann et al., 2008; 
Petherick et al., 2009b), with lower EV generally associated with improved production 
outcomes.  Bruno et al. (2018) indicated that different MOT, in particular EV and 




objective chute score, can have independent relationships with outcomes, even with 
positive correlation between the two, and determinations of the “best” measure should be 
based on relationships between specific measures and production characteristics that line 
up with practitioner goals.  The bulk of available research indicates that when considering 
EV and chute scores, EV measures most consistently relate to production characteristics 
of major interest to beef cattle producers.         
Impacts of EV on Pasture Gains, Feeding Performance and Carcass Quality 
 The utilization of EV measures as a prediction tool for production responses in 
growing and finishing cattle is plausible as it is easily applied to production settings, 
requires a single initial capture event, and is resistant to differences in handler influences 
(Petherick et al., 2002; Petherick et al., 2003; Petherick et al., 2009a).  Several studies 
have demonstrated significant relationships between EV measurements and production 
responses, especially ADG (Vann et al., 2008; Vetters et al., 2013).    Table 1.1 provides 
summary information on 12 literature reports in which significant relationships between 
EV and ADG were detected. 
Carcass characteristics have also been found to be related to MOT. The majority 
of reported responses are likely to be closely related to differences in growth rate, with 
fast EV cattle presenting with reduced HCW (Burrow and Dillon, 1997; Bates et al., 
2014), decreased DP (Burrow and Dillon, 1997), decreased YG (Bates et al., 2014), 
decreased REA (Behrends et al., 2009), and less fat deposition (Hall et al., 2011; 
Francisco et al., 2015; Llonch et al., 2016). Additionally, slower EV cattle have 
 





Table 1.1. Literature reports of relationship between chute exit velocity (EV) effect and average daily gain (ADG).  










Reference  Breeda 
n & 






Burrow and Dillon (1997)d  Bi x Bt 96 H F 1.42 3.4 − − -0.17 0.79 to 1.13 <0.05 
Fell et al. (1999) Bt 24 S F 0.59 2.83 0.92 2.18 -0.33 − <0.01 
Petherick et al. (2002) Bi x Bt 120 S F 0.8 4.41 1.25 3.15 -0.09 1.37 to 1.54 0.07 
Müller and von Keyserlingk (2006)e Bt 61 H F 1.66 6.53 − − -0.20 0.52 to 1.39 <0.05 
Behrends et al. (2009) Bi x Bt 160 S F 1.19 5.85 − − -0.26 0.50 to 2.55 <0.05 
Cafe et al. (2011b) Bi 164 S F − − − − -0.08 − <0.01 
Café et al. (2011b) Bi 164 S Gz − − −  -0.02 − 0.04 
Bates et al. (2014) X-bred 2,870 S F − − − − -0.12 − <0.01 
Mimiko (2016) Bt 160 S F 0.9 6.45 1.98 3.5 -0.12 1.91 to 2.03 0.04 
Bruno et al. (2016) Bt 192 S G 0.72 6.1 1.74 3.56 -0.04 1.23 to 1.31 0.02 
Bruno et al. (2018) Bt 32 S G − − 2.1 3.66 -0.08 0.90 to 1.02 0.02 
Francisco et al. (2020) Bi 20 B Gz 1.49 3.97 2.45 3.51 -0.17 0.69 to 0.88  0.03 
Average:     1.1 4.94 1.74 3.26 -0.14 0.50 to 2.55  
a Bi = Bos Indicus; Bt = Bos Taurus; X-bred = Crossbred. 
b H = heifer; S = steer; B = bull.  
c F = finishing; G = growing; Gz = grazing.  
d Burrow and Dillon (1997) data from trial 1 only. 
e Müller and von Keyserlingk (2006) reported a quadratic relationship across the range of EV used. Relationship between ADG and 
EV was reconstructed from graph with only the 5 highest EV, representing the range of EV where a negative relationship existed.  
 




presented with improved tenderness (Kadel et al., 2006; Behrends et al., 2009; Hall et al., 
2011). While some of the influence of temperament on tenderness may be due to 
differences in fat deposition (Purslow et al., 2021), a number of other physiological 
mechanisms are actively being investigated, including relationships with post-mortem pH 
change (Ramos et al., 2022), calpain/calpastatin activity (Coutinho et al., 2017), and 
broad scale genomic evaluation (Riley et al., 2020).  Additionally, fast EV cattle have 
demonstrated an increase in carcass bruising (Francisco et al., 2015), and increased 
potential of becoming dark cutters (Coombes et al., 2014) possibly due to increased 
agitation during handling prior to harvesting.   
Beyond growth performance and carcass characteristics, EV may relate to both 
physiological and immunological responses.  A study conducted by Lees et al. (2020), 
reported rectal temperatures to be increased after traditional handling practices in fast EV 
cattle in comparison to slower EV cattle.  There is also evidence of slower EV cattle 
having an improved antibody response to vaccinations (Bruno et al., 2017).  Additionally, 
Altman (2019) reported relationships between EV and measures of cell-mediated 
immunity that were apparent only under certain environmental and nutritional conditions.  
Finally, one study utilized a recording device to function as a pedometer when attached to 
the leg of a steer to track movement in relationship to EV, and found that cattle that 
presented with fast EV had an increased daily number of steps (MacKay et al., 2013). 
Likewise, when using ear-tag mounted activity sensors, Bruno et al. (2018) reported a 
similar association between EV and general activity level in growing steers. 
 
 





Cattle temperament has also been evaluated using a combination of EV and chute 
scores.  Recently, temperament was reported as an average of EV and chute scores in 
order to achieve an index to classify individual temperaments (Francisco et al., 2020).   
Adding EV and chute score measures to create a single MOT is not conceptually sound, 
as these factors likely have independent influences on outcomes of interest (Bruno et al., 
2018), and measure different responses using completely different scales (Kadel et al., 
2006; King et al., 2006; Bruno et al., 2016; Llonch et al., 2016; Bruno et al., 2017).  
Some studies have used more appropriate statistical methods (e.g. factor analysis, 
principal component analysis) to identify and properly handle correlations among various 
MOT in ruminants (Lyons, 1989; Neave et al., 2019).  Additionally, the implementation 
of machine learning approaches for multi-class behavior identification as well as 
behavior quantification in dairy calves has been evaluated (Carslake et al., 2021).  
Utilizing these approaches in production beef cattle to improve predictive value in 
behavioral measures on responses of interest needs to be further researched. 
Potential Mechanisms Influencing the Relationship Between MOT and Production 
Responses 
 No proven mechanism responsible for relationships between MOT and production 
responses have been reported. However, potential mechanisms have been discussed.  
Specifically relating to EV effects on ADG and efficiency, the majority of data suggests 
differences in behavior may be linked to an underlining relationship with energy 
metabolism (Nkrumah et al., 2007), or differences in daily energy expenditure (Cafe et 
al., 2011b; Bruno et al., 2018).  This is further supported by the link between EV and 




daily number of steps taken causing increased energy expenditure (MacKay et al., 2013).  
One of the most reasonable explanations for growth differences is due to relationships 
between fast EV cattle having reduced feed intakes (Nkrumah et al., 2007; Cafe et al., 
2011a; Bruno et al., 2016; Llonch et al., 2016; Llonch et al., 2018), although no 
mechanistic explanation of this relationship has been proposed.  Furthermore, it is 
possible that, while most studies have evaluated a single mechanistic explanation, 
relationships between MOT and production response variables are likely linked to both 
behavioral differences and associated underlying physiological responses.       
Factors Affecting Relationship Between MOT and Response Variables  
 There are several factors that may affect relationships between MOT and response 
variables such as age, breed, sex, and past experiences (Burrow, 1997).  It is also 
important to note that effects of age will be confounded with past experiences and body 
mass, both of which can contribute to alterations in expressed behaviors.  Under normal 
circumstances, handling behaviors would be expected to become more favorable with 
older age, body condition, and experience (Burrow et al., 1988; Burrow, 1997).  Breed 
has been shown to influence variable responses to MOT in a study by Graham et al. 
(2001) in which temperament differences were not correlated with growth in Angus and 
Simmental cattle, but were in Limousin cattle where fast EV was associated with reduced 
gains.  Measures of temperament may also be influenced by sex as bulls, heifers, and 
steers have been reported with differing variation amongst recorded measures (Cafe et al., 
2011b).  Past experiences, such as an increased number of times animals are handled, 
relate to an overall reduced EV measurement (Petherick et al., 2002; Curley et al., 2006; 
Behrends et al., 2009; Adamczyk et al., 2013; Francisco et al., 2015; Bruno et al., 2016).  




However, these acclimated behavioral measures are not necessarily indicative of 
amelioration of the effect on animal performance (i.e. ADG response).  This suggests that 
EV measures during initial exposure to handling facilities may be more sensitive to 
relationships with growth performance compared with acclimated measures, as discussed 
by Behrends et al. (2009).  Additionally, recoding EV after repetitive “bad” experiences 
to human interaction does not influence the expected reduction of EV measures due to 
acclimation.  This is supported by Petherick et al. (2009a) who reported that cattle 
exposed to poor handling practices (i.e. increased noise, confined for extended periods in 
the working chute, slapping with open hands, handling of heads, etc.) during 
backgrounding had a more rapid decrease during finishing in certain MOT than did 
calves with minimal previous exposure to human contact.  Additionally, how producers 
group animals of varying temperaments may affect responses to EV, as it is possible that 
some responses may be related to social interactions among animals (Bruno et al., 2017).  
Grouping animals of similar temperament category together would afford the opportunity 
to differentially manage diet and health.  It is also important to recognize that EV has 
been reported to be moderately to highly heritable (Burrow, 1997; Kadel et al., 2006).  
Finally, Bruno et al. (2017) suggested that differing management practices and dietary 
supplementation of both growing and finishing cattle may potentially alter expected 
effects of bovine temperament on production performance due to differences in intake 
and efficiency.  For example, considering that endophyte exposure effects can cause 
suppression in cattle performance, it could be reasonable to expect this exposure to either 
accentuate or mask relationships between MOT and growth.  Additionally, novel 
phytogenic supplementation may alter both intake and efficiency performance of beef 




cattle, which could also have possible moderating effects on relationships between MOT 
and growth. Lastly, most evidence indicates that the relationship between growth and 
specific MOT (i.e., EV) is mediated through reduced DMI, so it would be expected that 
elimination of intake differences through restricted intake feeding would test this theory. 
Effects of Endophyte Exposure on Pasture Growth and Performance in Finishing 
Phase 
Tall Fescue  
 Tall fescue (Lolium arundinaceum (Schreb.) Darbysh.), a cool-season grass that 
covers 12 to 14 million ha in the southeastern region of the United States, and provides a 
forage source for millions of cattle (Buckner et al., 1979), making it one of the most 
important pasture plants in the country (Hoveland, 2009).  This forage is prevalent due to 
its adaptability, resistance against heavy grazing, extended grazing season within the 
region, production, and appearance (Buckner et al., 1979; Stuedemann and Hoveland, 
1988).  These advantages allow this forage to be a good choice for both raising and 
feeding growing cattle.  However, tall fescue can be detrimental to growing cattle due to 
its potential for causing poor animal performance.  Both breeding and growing cattle 
grazing pastures predominantly occupied by tall fescue are subject to fescue toxicosis 
which is associated with a variety of adverse effects (Hoveland, 1993).   
Fescue Toxicosis 
Fescue toxicosis is caused by the consumption of ergot alkaloids produced by 
endophytic fungi, Epichloё coenophiala, which exists in a symbiotic relationship with tall 
fescue, contributing to the forage’s improved resistance to defoliation, drought, and other 




stresses (Bacon et al., 1977; Bacon and Siegel, 1988; Stuedemann and Hoveland, 1988).  
Three common syndromes of cattle grazing fescue infected with high levels of endophyte 
are: fescue foot, gangrene in the feet, ears, tail tip, and even sloughing of hoof as a result 
of vasoconstriction causing decreased blood flow (Garner and Cornell, 1978); fat 
necrosis, the formation of hard fat nodules along the intestinal tract leading to restriction 
of digesta flow (Thompson and Stuedemann, 1993); and summer slump, the term for 
decreased growth performance, increased body temperature, and endocrine imbalances of 
cattle grazing endophyte-infected tall fescue during months of increased temperatures 
(Schmidt and Osborn, 1993).  Animals affected by these syndromes due to consumption 
of endophyte will most likely present with symptoms of increased respiration, tenderness 
in extremities, failure to shed winter haircoats, heat intolerance, and reductions in both 
feed intake and weight gain (Hoveland, 2009).  The grazing industry suffers from annual 
losses potentially greater than $1 billion due to the effects of fescue toxicosis on all 
livestock species (Strickland et al., 2011).  In addition, there have been varied reports of 
residual impacts endophyte exposure may have on subsequent feedlot performance in 
beef cattle.  
Influence of Infected Endophyte Fescue Pastures on Subsequent Feedlot Performance  
 Several studies comparing calves previously grazing either toxic fescue, nontoxic 
fescue, a combination of fescue and other forages, or a separate forage type altogether 
have reported a compensatory gain during the finishing phase for cattle with suppressed 
growth from toxic fescue (Coffey et al., 1990; Lusby et al., 1990; Beconi et al., 1995; 
Cole et al., 2001; Parish et al., 2013).  Contrastingly, there have been reports of no 
compensatory gain with cattle entering the feedlot lighter due to previously grazing toxic 




fescue vs another grazing regime.  In those reports, cattle remained lighter throughout the 
entire finishing phase (Hancock et al., 1988; Duckett et al., 2001; Duckett et al., 2006; 
Scaglia et al., 2013; Coffey et al., 2015; Duckett et al., 2016).  However, both Duckett et 
al. (2006) & Duckett et al. (2016) reported improved efficiency during the finishing 
phase for cattle previously grazing toxic fescue as compared with nontoxic fescue.  While 
all these studies are consistent in reporting that cattle consuming endophyte-infected 
fescue had suppressed growth during the grazing phase when compared to control 
forages, there is apparent discrepancy on subsequent finishing response which may relate 
to use of different types of control forages or   other conditions (i.e. time of the year, 
weather conditions during both grazing and finishing phase, and alkaloid concentrations 
of infected pastures).  It is commonly known that ruminants will have accelerated growth 
and increased efficiency after a long period of restriction (Fox et al., 1972), an effect 
known as compensatory growth, which would be the expected outcome of finishing cattle 
previously suppressed by grazing endophyte-infected tall fescue.   Importantly, in 
previous literature, there seem to be no reports of decreased growth or negative 
performance effects of toxic fescue consumption on the subsequent feedlot phase.  Still, 
some small carryover effects may exist as Aiken et al. (2006) reported heat stress was not 
alleviated until 6 to 10 d after placing animals on fescue free diets (i.e. Bermudagrass 
pasture) after endophyte exposure.  Additionally, Klotz et al. (2016) reported vascular 
recovery from ergot alkaloid exposure took a minimum of 35 to 42 d upon removal from 
endophyte-infected fescue pasture and placed on a corn silage based diet in a dry lot.  
Furthermore, effects due to toxic fescue exposure (e.g., compensatory growth or potential 
negative carryover effects) may also have influences on both the relationships between 




MOT and growth performance in finishing cattle or their response to supplementation 
such as with phytogenic feed additives. 
Phytogenic Supplements 
 Novel all-natural phytogenic products have gained momentum in the feeding 
industry, as they may provide a solution to public concerns about increased antimicrobial 
usage in livestock production.     
Antimicrobial Usage in Beef Production  
 The use of subtherapeutic antibiotics as growth promotants have been banned by 
the European Union since 2006 (European Commission, 2003).  The use of 
antimicrobials in food-animal production has been linked to an increase in antimicrobial 
resistance (Cameron and McAllister, 2016).  However, it is unlikely for ionophore use in 
livestock production to have a significant impact on the transfer of antibiotic resistance 
from animal to man as there is little evidence ionophore resistance can spread from one 
bacterium to another (Russell and Houlihan, 2003) and ionophore antibiotics are not 
generally used in human medicine.  Currently, in the United States, the use of ionophores 
in beef cattle production does not require a veterinary feed directive, and they may be 
used as a subtherapeutic growth promotant (Pyatt et al., 2016).  Regardless, global 
markets and some researchers are still proposing alternative options to traditional rumen 
modifiers such as plants that possess antimicrobial agents (Dorman and Deans, 2000; 
Reddy et al., 2020).  At least as early as 2012, researchers have recognized the potential 
to use certain plant secondary metabolites to manipulate rumen microbial populations and 




reduce CH4 emissions from ruminants (Kamra et al., 2012).  Such products are now 
commonly referred to as phytogenics.        
What are Phytogenics? 
 Phytogenic feed additives (otherwise known as phytobiotcs, botanicals, or 
phytochemicals) can be defined as any plant-derived compounds supplemented for the 
purpose of improved livestock performance that consist of, but are not limited to, herbs, 
spices, essential oils (EO), saponins, tannins, or flavonoids (Windisch et al., 2008; Kholif 
and Olafadehan, 2021).  Active substances in phytogenics can vary drastically due to an 
endless number of possible plants for utilization, the part of the plant used (e.g. seeds, 
leaf, root, or bark), harvesting season, geographical origin, combinations of substances, 
and techniques used for processing (e.g. cold expression, steam distillation, extraction 
with nonaqueous solvents, etc.; Windisch et al., 2008).  Figure 1.1. depicts common 
active chemical compounds of some phytogenic products (Kholif and Olafadehan, 2021). 
The idea behind phytogenics is the use of plant-derived feed additives from a 
wide range of possibilities that may have synergistic and/or antagonistic interactions with 
the goal of improved animal performance through a variety of potential modes of action.  
There are a few companies already specializing in and selling phytogenic products as 
animal feed supplements in the United States (e.g., Biomin, Delacon, Phytobiotics, etc.) 
and a variety of marketing claims have been made (e.g. Fig. 1.2.).     
     





Figure 1.1.  Chemical composition of some phytogenic feed additives: (a) condensed tannins, (b) hydrolysable tannins, (c) sapogenins, 
(d) essential oils, (e) flavonoids (Kholif and Olafadehan, 2021). 









Could Phytogenics be a Plausible Alternative to Subtheraputic Antibiotic Use?  
 Past literature showcases the use of various phytogenic-like substances in a 
number of livestock species indicating a wide range of potential effects, applications, and 
mechanisms.  Additionally, this category of feed supplement is supported by popular 
anecdotal and marketing claims.  A wholistic mechanistic explanation of how different 




phytogenic sources may modify ruminal microorganisms or potentially have direct 
effects on the animal has not yet been clearly established, but modes of action may differ 
from traditional feed additive products (Meyer et al., 2009).   To date, most research 
evaluating the impact of phytogenics on beef cattle has focused on use of single EO, as 
opposed to combinations of EO or other secondary plant compounds (Brand et al., 2019).  
This literature review will focus on the use of commonly researched EO in finishing beef 
cattle.  While still poorly understood, EO, when fed to cattle, may mitigate methanogens 
by reducing the supply of hydrogen in the rumen for methanogenic bacteria and have an 
inhibitory effect on growth of gram-positive bacteria (Calsamiglia et al., 2007; Cobellis et 
al., 2016).  This suggests that at least certain phytogenics may be plausible options either 
as a replacement or in combination with other rumen modifiers for finishing beef cattle.                      
Impacts of Phytogenic Supplements on Beef Cattle Performance  
 Phytogenic research in beef cattle has mostly focused on effects of 
supplementation as a rumen modifier.  Both saponins and tannins have been shown to 
reduce methane production; however, the results are inconsistent and limited compared 
with EO research (Cobellis et al., 2016).  Essential oils have been reported to show 
promising positive effects on protein metabolism, VFA production, fiber digestion, and 
methane production (Cobellis et al., 2016).  Previous in vitro work as reported in a review 
by Cobellis et al. (2016) demonstrate the most consistent and promising EO inhibiting 
methane production are thyme, oregano, cinnamon, and garlic or their principal 
components (thymol, carvacrol, cinnamaldehyde, and allicin, respectively).  Although 
results are limited when considering EO with reported effects on inhibiting methane 
production without decreasing dry matter disappearance, garlic, clove leaf, lemongrass, 




and turmeric, along with rosemary, which also inhibited ammonia production, may be 
more promising (Cobellis et al., 2016).  As indicated in a review by Cobellis et al. (2016), 
the currently limited in vivo work has shown inconsistent results indicating the need for 
further research.  More recently, there has been an increase of in vivo work evaluating 
various effects of differing phytogenic supplements on performance, efficiency, and 
carcass characteristics of finishing cattle, although results have varied.  Three studies 
reported supplementation of various combinations of EO at different dosages on finishing 
cattle and reported no effect on performance or carcass characteristics when comparing to 
either no supplementation (Rivaroli et al., 2017), tylosin (Pukrop et al., 2019), or 
combined monensin and tylosin supplementation (Wang et al., 2020).  In contrast, results 
from a study on 656 crossbred steers indicated a tendency (P = 0.07) for increased 
efficiency in cattle receiving a combination of monensin and a commercial blend of EO 
(terpenoids, phenylpropanoids, and alkaloids) versus cattle receiving monensin and 
tylosin, with no difference in liver abscesses, concluding EO may be an alternative to 
tylosin (Araujo et al., 2019).  Additionally, Ornaghi et al. (2017) reported when 
supplementing 40 crossbred bulls with either 0, 3.5, or 7.0 g/d of clove or cinnamon EO 
in the diet, that both ADG and DMI increased linearly with increased dosage of EO (P = 
<0.05).  Finally, 120 Angus x Charolais crossbred steers utilized in a 110 d finishing 
study supplemented with either 0, 0.05, or 0.1 g/kg of DM of a commercial phytogenic 
product (licorice, caraway, vanilla, essential oil of clove, salt, and silicon dioxide) with 
the inclusion of monensin at 25 mg/kg of DM, and responded with a linear increase in 
ADG with increasing dosage  of phytogenic product (P = <0.09), no difference in DMI or 
G:F, and with a longissimus muscle area that was affected quadratically with the 0.05 




dosage of phytogenic supplement group having the largest area (P = 0.05); (Brand et al., 
2019).   
Considering that in vivo studies comparing EO directly to traditional rumen 
modifiers on cattle fed high concentrate diets are limited, the potential consequence of 
antibiotic replacement with EO on liver abscesses is unknown.  A meta-analysis 
conducted on 10 studies utilizing various undisclosed blends of EO by Torres et al. 
(2021) concluded replacement of traditional rumen modifiers with EO showed low 
effectiveness in protecting the liver against abscesses.  This further provides evidence 
that phytogenics may be better implemented as complements to traditional rumen 
modifiers rather than replacements, especially during dietary adaption of beef cattle on 
high-grain diets (Torres et al., 2021).  Additionally, while past literature has showcased 
varied results of no effect, positive effect, or negative effects on ruminal fermentation 
with the supplementation of phytogenics, adaptation of ruminal microorganisms to such 
products has yet to be fully evaluated (Kholif and Olafadehan, 2021).  Most ruminant 
research with these products has been focused on their potential to alter the ruminal 
microbiota. However, various phytogenic feed additives have been commonly researched 
in poultry and showed promising influences on feed conversion ratio, body weight gain, 
feed efficiency, meat quality, health, and blood profile (Singh and Gaikwad, 2020).  Such 
effects that phytogenics may have directly on the animal have yet to be fully reported in 
beef cattle.   
Implications of Phytogenics  
 While these novel supplements may have some benefits and practical 
applications, especially when considering that the 2020 market for phytogenic feed 




additives on all livestock species sales was estimated at $753 million globally 
(MarketsandMarkets, 2021), there are still associated concerns and questions.  
Phytogenics can be concerningly variable, with potentially unstable or limited shelf life, 
may be potent in smell and taste, and might have undiscovered toxicity effects (Cobellis 
et al., 2016).  Plant secondary metabolites can be perceived by the public to be safer than 
the use of antibiotics or other chemicals, but further research and possible regulation is 
still needed on phytogenics (Cobellis et al., 2016).  Research involving various 
phytogenic products for monogastric livestock is readily available, whereas beef cattle 
studies are mostly limited to the supplementation of EO.  Further research is warranted 
on a wide range of phytogenic products to single out active compounds and determine 
effective dosage, mode of action, and economic benefits on the beef cattle industry.  
Additionally, there is a need to further develop consistency in terminology used when 
researching and referring to plant secondary metabolites.  Furthermore, anecdotal 
evidence among producers and product claims suggest phytogenic supplementation may 
influence finishing cattle performance.  Moreover, while Ornaghi et al. (2017) concluded 
supplementation of EO did not alter bovine temperament, the relationships between 
MOT, finishing performance, and phytogenic supplementation are still unknown.   
In addition to supplementation, dietary bunk management such as restricting 
intake may influence relationships between MOT and expected cattle performance 
responses.     
  




 Restricted Intake  
 Restricting intake or controlling intake when applied to finishing cattle may have 
some practical benefits.  One of the most popular effects of feed reduction is a possible 
increase in feed efficiency (Galyean et al., 1999), but also include: 1) improved bunk 
management, 2) reduced labor for reading bunks, 3) greater control over feed inventories, 
4) reduced bunk cleaning, 5) reduced feed wastage, 6) reduced feed hauling, 7) less 
manure to be handled and 8) more precision in attaining slaughter dates to meet futures 
contracts (Lake, 1987; Zinn, 1987).  Although, both Hicks et al. (1990) and Murphy and 
Loerch (1994) reported that by restricting intake to approximately 90% of ad libitum 
feeding level that an improvement in efficiency was not present until d 56 and d 85 
respectively, and resulted in an overall improvement in efficiency of 10.9 % or no overall 
effects of efficiency, respectively.  Reduction level at 10% also reduced average daily 
gain by 9.9%, reduced fat deposition, and reduced the number of cattle grading USDA 
choice at slaughter in both studies (Hicks et al., 1990; Murphy and Loerch, 1994).  This 
raises the question of whether the improvement in efficiency is economically beneficial 
when considering the loss in overall carcass size and fat deposition, but certainly it needs 
to be considered that varying levels of restriction may alter production and carcass 
responses.  Additionally, reduced maintenance requirements due to liver mass sizes 
cannot be used to explain improved efficiency as both Hicks et al. (1990) and Murphy 
and Loerch (1994) reported no difference in liver mass between restricted and ad libitum 
fed groups.  There are some additional concerns about the practical application of 
controlled or restricted feeding.  First, group feeding cattle in pens with differing BW’s 
can make calculating desired restriction level complicated, and second, restricting feed 




intake too much due to inaccurate estimates could be detrimental to growth performance 
and carcass quality (Galyean et al., 1999).  Still, restricting intake in order to possibly 
improve animal feeding efficiency may be beneficial under specific situations, and is of 
academic interest for further evaluating the relationships between MOT and beef cattle 
performance.      
 Summary and Specific Aims  
 This review indicates that not only can MOT be beneficial for helping to fine-tune 
estimates of performance and carcass characteristics in finishing cattle, but that these 
relationships may be affected by dietary and management practices such as previous 
endophyte exposure, dietary supplementation, and restricted feeding.  Based on the 
information presented, one reasonable hypothesis is that growing and finishing cattle with 
varying chute EV scores will respond differently to adjustments in prior management, 
supplementation, and feeding management which may alter the expected association 
between fast EV and reduced gains.  Therefore, the specific aims for this thesis was: 1) 
determine if the expected relationships between performance responses and EV in 
grazing cattle would be influenced by endophyte exposure status, 2) determine the 
influence of phytogenic supplementation when fed with monensin and tylosin on 
performance and carcass measurements of finishing cattle with varying chute EV and 
differing prior endophyte exposure, 3) determine if the expected performance responses 
to chute exit velocities would be affected by restricted feeding management and prior 
endophyte exposure in finishing cattle, and 4) determine influence of intake levels on the 
relationship between exit velocity and finishing cattle growth.   




CHAPTER 2. INFLUENCE OF ENDOPHYTE EXPOSURE ON THE 
RELATIONSHIP BETWEEN TEMPERAMENT MEASURES AND GROWTH IN 
GRAZING BEEF CATTLE  
Introduction 
 Cattle producers place high priority not only on improved animal performance, 
but the ability to predict how an animal will perform to reach production goals.  To this 
end, research in further developing the utilization of measures of temperament (MOT) 
and understanding the relationship these measures have with production responses is 
important.  Additionally, these measures need to be relatively inexpensive, not require 
additional cattle handling or interaction, and not interfere with typical cattle processing 
practices.  One of the most commonly used measures that meets this criteria in cattle 
research is exit velocity (EV; Burrow et al., 1988; Curley et al., 2006). Several studies 
have demonstrated relationships between EV and production traits in feedlot cattle with 
reports of differences in ADG (Burrow and Dillon, 1997; Petherick et al., 2002; Cafe et 
al., 2011b; Vetters et al., 2013), DMI (Nkrumah et al., 2007; MacKay et al., 2013; 
Mimiko, 2016), and feed efficiency (Llonch et al., 2018).  However, there is limited 
research evaluating growth relationships with EV in grazing cattle (Francisco et al., 
2020), especially for cattle grazing toxic fescue (Altman, 2019).  It has been suggested 
that differing management practices and dietary supplementation in growing cattle may 
potentially alter expected effects of bovine temperament on production performance due 
to differences in intake and efficiency (Bruno et al., 2017).  Dietary influence is of 
importance not only because these effects may mask or alter the ability of EV measures 
to be used as a prediction tool, but utilizing dietary manipulation to alleviate the typical 
suppression of growth with increasing EV may be possible.  Tall fescue (Lolium 




arundinaceum (Schreb.) Darbysh. = Schedonorus arundinaceus (Schreb.) Dumort., 
formerly Festuca arundinacea Schreb. var. arundinacea Schreb.) is the predominant 
forage used by cattle producers in the southeastern region of the United States (Hoveland, 
1993, 2009). Cattle grazing toxic endophyte (Epichloё coenophiala)-infected tall fescue 
forage may experience a syndrome known as fescue toxicosis.  Animals affected by this 
syndrome will present with symptoms of increased respiration, soreness in extremities, 
failure to shed winter haircoats, heat intolerance, and reductions in both feed intake and 
weight gain (Hoveland, 2009).  Because endophyte exposure can cause suppression in 
cattle performance, it could be reasonable to expect this exposure to either accentuate or 
mask relationships between MOT and growth.     
Thus, the objectives of this study were to determine if the expected relationships 
between performance responses and EV in grazing cattle would be influenced by dietary 
manipulation of endophyte exposure.  
Materials and Methods 
All procedures involved in this experiment were approved by the University of 
Kentucky Institutional Animal Care and Use Committee.  Research was conducted at the 
University of Kentucky C. Oran Little Animal Research Center Beef Unit in Woodford 
County, KY.  
Two grazing beef cattle experiments were conducted for two consecutive years 
(Experiment 2.1: April – August of 2019 and Experiment 2.2: April – August of 2020). 
Animals and Treatments 




Experiment 2.1: 120 crossbred steers (Bos taurus; 304±33 kg BW) were utilized 
in a 113-day grazing study.  Cattle were purchased by an order buyer from two sources 
and transported to the beef research unit.  Throughout, cattle from the original two 
sources were grouped separately, and source was accounted for as a random effect in all 
statistical analyses.  On day 4 or 5 after arrival (all animals were processed the same day), 
during their initial exposure to the handling facility, cattle were weighed and evaluated 
for exit velocity using previously published methods (Bruno et al., 2016).  Cattle were 
then backgrounded in a dry lot for 27 days on a corn silage (67.8% of DM), cracked corn 
(15.1% of DM), dried distiller’s grains (13.6 % of DM)-based diet, supplemented with 
vitamins and minerals to support 1.15 kg·d-1 growth according to NRC (2000).  During 
this phase, bacterial and viral vaccinations (Bovi-Shield Gold 5, Zoetis, Florham Park, 
NJ; Once PMH, Merck Animal Health, Summit, NJ; Ultrabac 7/Somubac, Zoetis; 
autogenous M. bovis vaccine), and an anthelmintic (Dectomax, Zoetis), were 
administered.  Following the backgrounding phase, cattle were stratified by initial exit 
velocity (within source) and randomly assigned within strata to experimental pastures (20 
pastures, 1.52 ha each; 6 head per pasture to provide a moderate stocking rate of 1200 kg 
initial  BW·ha-1).  Half of the pastures consisted of toxic endophyte-infected tall fescue 
(Festuca arundinacea Schreb.), and the other half contained non-toxic, novel endophyte-
infected tall fescue (Lacefield MaxQ II, Phillips (2016) established in 2013.  Pasture 
alkaloid levels were not measured in the present experiment. However, recent analyses 
from these pastures (Altman et al., 2020) indicated 425 ppm ergovaline + ergovalinine 
concentrations in the toxic pastures vs 43 ppm in the nontoxic pastures. Steers were 
grazed for 113 days (22 Apr to 13 Aug) with free access to water, and weights and exit 




velocity measures were obtained on d 0, 29, 49, and 113.  Mineral supplement (Table 2.1) 
was provided weekly at a maximum allowance of 60 g·hd-1·d-1.    
This experiment was designed as a split-plot, with a randomized block design 
containing a 2 x 2 factorial treatment structure for the whole plot, with fescue toxicity 
(non-toxic vs toxic) and mineral iodine concentration (125 vs 500 ppm) in the whole plot, 
with pasture groups as the experimental unit.  The subplot, with individual animals as the 
experimental units, was used to evaluate the effect of exit velocity, which was modeled as 
a continuous variable, using covariate analysis procedures.  There were no main effects 
or interactions with supplemental iodine level for any response variable (P > 0.10).  Thus, 
iodine supplementation was removed from the statistical model, such that the final model 
was a split-plot design with only fescue toxicity in the whole plot.  
Experiment 2.2: 72 crossbred steers and 36 crossbred heifers were utilized in a 
110-day grazing study (16 Apr to 4 Aug).  All heifers (265 ± 32 kg BW) and 44 steers 
(269 ± 37 kg BW) were sourced from weaned calves born on the University of Kentucky 
C. Oran Little Animal Research Center Beef Unit.  Remaining steers (n = 28, 306 ± 23 kg 
BW) were purchased from local sale barns by an order buyer and had been in a drylot at 
the research center for 54 days by the start of the study.  Calves sourced from the 
University of Kentucky were administered pre-weaning vaccinations (Bovi-Shield Gold 
5, Zoetis, Florham Park, NJ; Nuplura PH, Elanco Animal Health, Greenfield, IN; 
Ultrabac 7/Somubac, Zoetis). Purchased steers (n = 28) were vaccinated (Titanium 5, 
Elanco; Once PMH, Merck Animal Health, Summit, NJ; Ultrabac 7/Somubac, Zoetis) 
upon arrival at the research center.  All cattle received an injection of anthelmintic 
(Dectomax, Zoetis) and fly tags (XP820, Y-Tex Corp, Cody, WY) at the beginning of the 




grazing period.  Weights and exit velocities (Bruno et al., 2016) were obtained on d 0, 28, 
55, and 110.  Exit velocities obtained on d 0 (initial exit velocity) were used to evaluate 
relationships with performance traits.  Cattle were randomly assigned to each of 18 
pastures (as described for Experiment 2.1) within blocks that were balanced for source, 
gender, and starting weight.  Within blocks, groups were randomly assigned to pastures 
(6 head per 1.52 ha pasture; stocking density = 1095 kg initial BW·ha-1).  The experiment 
utilized a split-plot design with a 2 x 2 factorial structure in the RCBD whole plot with 
pasture as the whole plot experimental unit.  Whole plot treatments included 73 mg·hd-
1·d-1 of either of a high-iodine control mineral (Table 2.3) or control mineral plus the 
inclusion of Actifor® Power, a proprietary commercially available phytogenic product 
(Delacon Biotechnik GmbH., USA).  Results from Exp. 1 indicated potential issues with 
voluntary consumption of high I mineral, and one goal of this experiment was to evaluate 
whether low-level inclusion of a commercial phytogenic supplement might improve 
consumption of high I mineral.  The second whole-plot factor was novel, non-toxic 
endophyte Lacefield MaxQ II (Phillips, 2016), compared with toxic endophyte-infected 
tall fescue pasture.  Steers were grazed for 112 days with free access to water and 
supplementation with the equivalent of 0.37 kg·hd-1·d-1 of dried distiller’s grains, 
provided on a 3-day/week schedule.  As in Exp. 2.1, exit velocity effects were evaluated 
as a covariate in the subplot, with individual animals as the experimental units.         
Statistical Analysis 
 Analyses were conducted using the mixed procedure of SAS (v 9.4).  All response 
variables were evaluated for heterogeneity of variance as influenced by all main effects 
and interactions of classification variables by the use of a SAS macro which output the 




BIC values for mixed models fit with no group specification in a repeated statement 
(homogeneous model), or with each main effect or interaction specified as the group in a 
repeated statement (heterogeneous models).  In Exp. 2.1, the homogeneous variance 
model was determined to be the best-fit model (based on BIC) for all response variables 
and was used for all subsequent analyses.  In Exp. 2.2, homogeneous models were the 
best-fit models for all response variables except for the interim ADG for the second and 
third periods (where best-fit models had heterogeneous variance for the endophyte x 
Actifor® Power and endophyte effects, respectively). However, differences in P-values 
between heterogeneous and homogeneous models were trivial and had no impact on 
interpretation of data. Thus, for consistency in presentation, results of analysis with 
homogeneous variance models are reported (Table 2.4).  
In both experiments, exit velocity was analyzed as a covariate in the subplot 
(Milliken and Johnson, 2002).  For each response variable, the covariate analysis 
involved first testing for independence of treatment and covariate followed by assessment 
of an independent slope model (interaction between treatment and covariate).  In the 
absence of significant (P < 0.10) interactions between treatment and covariate, a 
common-slope covariate model was fit.  To evaluate normality assumptions and detect 
potential outliers, residuals from fit models were evaluated visually and statistically using 
tools within univariate procedure of SAS v 9.4.  Normality assumptions were assessed by 
visual examination of residual distributions, coupled with evaluation of skewness and 
kurtosis.  Outliers were flagged as suspicious if residuals exceeded 1.5 X the interquartile 
range greater than the upper or less than the lower quartile or if studentized residual 
values were > 3.0 or < -3.0.  Presumptive outliers were evaluated for influence by 




evaluating the impact of their removal.  One influential outlier was detected for an animal 
with significant weight loss across the first weight interval in Exp. 2.1.  This animal’s 
data was removed from the entire data set.  
Results  
Experiment 2.1  
During the 27 days preceding the grazing experiment (backgrounding phase), 
cattle with faster initial EV had reduced overall ADG (data not shown; -0.104 
kg·d-1/m·s-1, P < 0.01).  
 During the grazing phase there were no interactions between endophyte exposure 
and exit velocity (P > 0.26) for any of the response variables measured in this study. 
Starting weights were 7.1 kg lower (P = 0.02) per 1m·s-1 increase in prior exit velocity 
(Table 2.2).  Exit velocity effects on ADG were most prominent in the first 29 days with 
cattle gaining 0.10 kg more (P < 0.01) per 1m·s-1 increase in prior exit velocity, and with 
an overall (d 0 to 113) tendency (P = 0.08) for cattle to gain 0.03 kg more per 1m·s-1 
increase in prior exit velocity in contrast with the response during the previous 
backgrounding phase.  Despite this trend, exit velocity did not affect final weights (P = 
0.17), owing to the lower initial weights of fast EV cattle. Average daily gain was lower 
(P < 0.01) during every period of the experiment for cattle grazing toxic endophyte-
infected tall fescue pastures compared to novel, nontoxic tall fescue pastures and the 
difference averaged 0.19 kg·hd-1·d-1 across the 113-d grazing season.  Final weights were 
28 kg lower (P < 0.01) for cattle grazing toxic endophyte-infected tall fescue pastures 
compared to novel, nontoxic tall fescue pastures.     






Starting weights were 6.1 kg lower (P = 0.06) per 1m·s-1 increase in prior exit 
velocity (Table 2.4).  Exit velocity effects on ADG were most prominent in period 2 (d 
29 to d 55), but only for cattle grazing toxic fescue (endophyte × exit velocity interaction 
P = 0.05) for which there was a 0.13 kg·hd-1·d-1/m-1·s-1 positive relationship between exit 
velocity and ADG.  As a consequence of this and smaller, non-significant relationships 
between ADG and exit velocity in other periods, across the 110-d grazing season, faster 
cattle gained 0.02 kg more per 1m·s-1 increase in exit velocity, with similar responses 
regardless of endophyte exposure status (endophyte × exit velocity interaction P = 0.64).  
Average daily gain was depressed (P < 0.04) by endophyte-infected tall fescue in every 
period and averaged 0.12 kg·hd-1·d-1 lower (P < 0.01) for cattle grazing toxic endophyte-
infected tall fescue pastures compared to novel, nontoxic tall fescue pastures.  Average 
daily gain was not affected by low inclusion rates of Actifor® Power, nor were any 
interactions detected between endophyte exposure and Actifor® Power (P > 0.26) or 
between exit velocity and Actifor® Power (P > 0.43).  Final weights were not affected by 
any treatment.    
Discussion  
 The most consistent reported relationship between EV and production variables in 
growing cattle is reduced ADG with increasing EV (Burrow and Dillon, 1997; Fell et al., 
1999; Petherick et al., 2002; Curley et al., 2006; Müller and von Keyserlingk, 2006; Vann 
et al., 2008; Behrends et al., 2009; Petherick et al., 2009b; Cafe et al., 2011b; Vetters et 
al., 2013; Bates et al., 2014; Mimiko, 2016).  In the reported literature, this relationship 




has been evaluated most frequently in studies with animals on high energy diets 
(finishing, as compared with growing studies).  Literature discussing relationships 
between EV and ADG with cattle consuming lower energy diets (e.g. backgrounding and 
grazing cattle) is limited.  Consistent with studies evaluating finishing cattle, in the 
present study (Exp. 2.1), during the pre-study dry lot backgrounding phase, ADG was 
reduced with increased initial EV.  This is similar to a report by Bruno et al. (2016) 
where average daily gain in backgrounding steers was greater in slow, compared with fast 
EV animals for d 0 to 29 (P < 0.01) and across the duration of that 58-d study (P = 0.02). 
In a separate study, Bruno et al. (2018), reported slow EV animals had higher ADG than 
fast EV animals for days 28–56 (P = 0.06) and 0–56 (P = 0.02), although no effect was 
reported for the first 28 days (P = 0.27).   
 Perhaps the most consistent explanation for reduced ADG with increasing exit 
velocity is a concomitant reduction in DMI (Nkrumah et al., 2007; Cafe et al., 2011a; 
MacKay et al., 2013; Bruno et al., 2016; Llonch et al., 2016; Mimiko, 2016; Llonch et al., 
2018).  This fact can create some challenges when attempting to interpret ADG effects of 
exit velocity with substantial changes in diet composition, particularly across short (i.e. 4 
to 8 week) intervals.  This is because of potential confounding effects of gut fill, which 
can make up a substantial portion of apparent live weight gain across short periods.  In 
both of the present experiments, initial cattle weights were lower with more rapid EV, 
consistent with most literature reports.  In Exp. 2.1, where data for growth rate preceding 
grazing was available, this was shown to be a consequence of reduced growth for faster 
EV cattle during a drylot phase prior to the start of the grazing phase.  If a portion of the 
lower initial weights was associated with less gut fill (as would be expected with lower 




DMI), much of the apparent improvement in ADG during the grazing period could have 
simply been an artifact of the equalization of gut fill once animals transitioned to a new, 
lower energy diet during the grazing phase. 
As previously stated, literature discussing EV and ADG relationships for growing 
cattle on pasture is limited, especially for cattle grazing tall fescue pastures, and reports 
have varied.  Three studies, Petherick et al. (2009b) evaluating cattle grazing pastures in 
the Queensland, Australia region, Behrends et al. (2009) evaluating cattle grazing 
ryegrass pastures,  and Altman (2019) evaluating cattle grazing tall fescue in Kentucky, 
reported no relationship between ADG and EV for grazing cattle.  Alternatively, two 
studies evaluating cattle during backgrounding phase on grass pasture Cafe et al. (2011b) 
and Francisco et al. (2015) reported results similar to finishing studies with reduced ADG 
with increasing EV for grazing cattle.  However, data from the Francisco et al. (2015) 
study are difficult to align with the present studies, because they assessed temperament 
based on a mathematical index, which combined both exit velocities and subjective chute 
scores.  Additionally, those results were based on a very small number of animals (20 
total, with 10 in each of two supplementation treatment groups).  Although Cafe et al. 
(2011b) reported significant negative relationships between exit velocity and ADG on 
pasture, the slopes of those relationships were substantially lower than respective slopes 
observed for animals during the finishing phase (-0.02 vs -0.08 kg·day-1/m·s-1 for 164 
head at one location and -0.05 vs -0.10 kg·day-1/m·s-1 for 173 head at a second location).   
To our knowledge, this is the first report of a positive relationship between exit 
velocity and ADG in grazing cattle.  The most likely explanation is that the responses 
seen during these experiments were related to differences in gut fill, as discussed above, 




coupled with a diminished capacity for exit velocity effects to manifest changes in ADG 
given the lower dietary energy density and extensive management associated with 
grazing as compared with feedlot housing, as suggested by the data of Cafe et al. (2011b).  
However, there are other possible factors that could be involved.  One challenge with 
relating EV to production measures is determining the appropriate time for assessing EV.  
In Exp. 2.2, EV measures used to test the relationship were recorded after initial exposure 
to facilities and management.  Behrends et al. (2009) discussed how acclimation of cattle 
to facilities and management practices can influence EV measures and reduce the ability 
to reliably test relationships. However, this was not the case for Exp. 2.1, as EV obtained 
during initial exposure to facilities was used in that experiment and the typically-expected 
relationship between EV and ADG was detected during drylot feeding prior to initiation 
of grazing.   
Reduced weight gains while cattle are grazing toxic endophyte-infected tall fescue 
are common (Stuedemann and Hoveland, 1988; Hoveland, 1993; Schmidt and Osborn, 
1993; Paterson et al., 1995), especially during summer months of increased temperatures 
due to summer slump (Thompson and Stuedemann, 1993).  Summer slump is the term 
used for decreased growth performance, increased body temperature, and endocrine 
imbalances of cattle grazing endophyte-infected tall fescue during months of increased 
temperatures (Schmidt and Osborn, 1993).  Although forage intake or forage analysis was 
not measured in the present experiments, it is almost certain that DMI was suppressed 
with exposure to toxic endophyte, as this is one of the most well-documented responses 
to endophyte toxicity (Stuedemann and Hoveland, 1988; Hoveland, 1993; Paterson et al., 
1995).       




In these studies, we were primarily interested in the potential for toxic endophyte 
exposure to modify the influence of EV on ADG.  Given that reduced DMI is the likely 
primary driver of both endophyte and exit velocity effects on ADG, it is reasonable to 
assume that interactions might occur wherein EV effects would be masked when intake is 
already suppressed by endophyte toxicity.  With the exception of ADG during the second 
28-d period of Exp. 2, there were no interactions between exit velocity and toxic 
endophyte exposure.  It appears that this single detected interaction was an anomaly, due 
to the timing of its occurrence, coupled with the lack of evidence for interaction across 
the 110 d study.  Small endpoint errors across relatively short time spans (e.g. 4 weeks) 
could cause such anomalous responses, which would tend to cancel out when evaluating 
the longer-term period.   
Actifor® Power was included in the second experiment because earlier studies had 
indicated that high levels of iodine could diminish mineral supplement consumption, and 
anecdotal evidence suggested that Actifor® Power could eliminate such reductions. 
However, in this study, mineral consumption was complete for all groups across the 
duration of the study, so any potential benefits of this phytogenic supplement on mineral 
consumption were not able to be tested. Given the low level of inclusion of this 
supplement, direct effects on growth were not expected, and were not seen. The influence 
of grazing management (with an emphasis on endophyte status) on EV effects during 
subsequent finishing are the focus of a second report (Ch. 3).  
Conclusion 
 Results from these studies, coupled with other literature, suggest that commonly-
reported EV-associated reductions in ADG may be related to dietary energy 




concentration and/or the use of intensive (i.e. drylot) vs extensive (i.e. grazing) 
management systems. With the available data, we cannot clearly separate the influence of 
housing conditions from the influence of dietary energy supply. Nonetheless, it appears 
that negative EV effects on ADG are more likely to be detected during feedlot finishing 
as compared with grazing scenarios.  
A novel finding of a small positive relationship between EV and ADG in these 
studies indicates the importance of considering entire life-cycle systems when evaluating 
and interpreting EV influences on growth.  Here, it appears likely that EV effects 
manifested during drylot feeding periods could have influenced gut fill as animals 
transitioned to grazing, causing apparent positive relationships between EV and ADG 
that were actually remnant artifacts of a negative association during the earlier drylot 
phase.  Although we obtained significant effects on ADG with our forage treatment 
(endophyte toxicity) during the grazing phase, consistent with expectations, there was 
little indication that this degree of manipulation interacted with EV with regard to animal 
growth.  Results from these studies indicate that EV differences among cattle are not 
likely to be a major factor influencing gain when grazing forages supporting relatively 
low levels of ADG.   
  





Table 2.1. Experiment 2.1: Ingredient composition of mineral. 
    Guaranteed Analysis 
Salt  Minimum  83.00 % 
Salt  Maximum  87.00 % 
Magnesium  Minimum  4.00% 
Copper  Minimum  2000 ppm 
Selenium  Minimum  50 ppm 
Zinc  Minimum  4000 ppm 
Manganese  Minimum  7500 ppm 
Iodine  Minimum  125 ppma 
Cobalt  Minimum  15 ppm 
Vitamin A  Minimum  440, 925 IU/kg 
a Iodine was included at 500 ppm (from EDDI) for half of the calves. There were no 
effects of elevated iodine on any response variable, and this effect was removed from the 
statistical model. 





Table 2.2. Experiment 2.1: Effects of exit velocity and exposure to toxic endophyte on average daily gain (ADG) in grazing steers. 







effectb Endo EV Endo x EV 
Initial wt, kg 307 300 5.2 -7.1 0.37 0.02 0.57 
Final wt, kg 358 330 4.8 -3.8 <0.01 0.17 0.70 
ADG, kg/d        
d 0-29 0.57 0.28 0.089 0.10 <0.01 <0.01 0.31 
d 30-78 0.34 0.21 0.023 0.00 <0.01 0.86 0.26 
d 79-113 0.51 0.32 0.047 0.00 <0.01 0.88 0.66 
d 0-113 0.46 0.27 0.030 0.03 <0.01 0.08 0.73 
aProbability of a greater F-value; Endo = endophyte effect, EV = exit velocity effect. 
bExit velocity effect shown as slope of response on exit velocity. Units are kg weight/1m·s-1 or kg·d-1/1m·s-1 increase in exit velocity, 
for body weights and ADG responses, respectively.  






Table 2.3. Experiment 2.2: Ingredient composition of mineral. 
    Guaranteed Analysis 





Calcium   Minimum   11.00%  11.00% 
Calcium   Maximum  13.20%  13.20% 
Phosphorus   Minimum   3.25%  3.25% 
Salt   Minimum   23.50%  23.50% 
Salt   Maximum  27.50%  27.50% 
Magnesium   Minimum   4.00%  4.00% 
Copper   Minimum   1,800 ppm  1,800 ppm 
Selenium   Minimum   30 ppm  30 ppm 
Zinc   Minimum   4,000 ppm   4,000 ppm  
Manganese   Minimum   2,000 ppm  2,000 ppm 
Iodine   Minimum   400 ppm  400 ppm 
Cobalt   Minimum   40 ppm  40 ppm 
Vitamin A   Minimum INT Units/lb  400,000  400,000 
Vitamin D   Minimum INT Units/lb  50,000  50,000 
Vitamin E  Minimum INT Units/lb  200  200 
Actifor® Power  -  0  0.075% 
 
      
    
 





Table 2.4. Experiment 2.2: Effect of exposure to toxic endophyte and supplementation with Actifor® Power on average daily gain 
(ADG) in grazing cattle. 





Endophyte ActPw - ActPw + SEM 
Exit 
velocity 










kg  273  281  274  280  11.0  -6.1  0.15  0.77  0.47  0.06 0.26 
Final wt, kg  343  337  335  345  10.8  -3.5  0.29  0.56  0.65  0.31 0.21 
ADG, kg/d            
d 0-28  0.76  0.60  0.62  0.74    0.051  0.03  0.02  0.15  0.26  0.32 0.31 
d 29-55  0.70  0.48  0.56  0.63     0.048 E- 0.01 
E+  0.13  
 <0.01  0.39  0.64  0.06 0.05 
d 56-110  0.54  0.48  0.50  0.51    0.025  0.02  0.04  0.77  0.68  0.68 0.16 
d 0-110  0.63  0.51  0.55  0.60    0.024  0.02 <0.01  0.20  0.53  0.07 0.64 
aProbability of a greater F-value; Endo = endophyte effect, ActPw = Actifor® Power effect.  In addition to the listed effects, responses 
were also tested for exit velocity × Actifor® Power interactions. None were significant (P > 0.48) and these P-values are not included 
above. 
bExit velocity effect shown as slope of response on exit velocity. Units are kg weight/m·s-1 or kg·d-1/m·s-1 increase in exit velocity, for 
body weights and ADG responses, respectively. For d 29-55 ADG, slopes are shown separately for nontoxic (E-) and toxic (E+) 
fescue due to a significant endophyte × exit velocity effect (P = 0.05).   
 




CHAPTER 3. INFLUENCE OF DIETARY MANIPULATION ON THE 
RELATIONSHIP BETWEEN TEMPERAMENT MEASURES AND GROWTH IN 
FINISHING BEEF CATTLE: PRIOR ENDOPHYTE EXPOSURE, PHYTOGENIC 
SUPPLEMENTATION, AND CONTROLLED FEEDING     
Introduction 
 Cattle producers place high priority not only on improved animal performance, 
but the ability to predict how an animal will perform under certain situations to estimate 
ability to reach production goals.  To this end, research in further developing the 
utilization of measures of temperament (MOT) and understanding the relationship these 
measures have with valued production responses is important.  Additionally, these 
measures need to be relatively inexpensive, not requiring additional cattle handling or 
interaction, and not interfering with typical cattle processing practices.  One of the most 
commonly used MOT that meets this criteria in cattle research is chute exit velocity (EV) 
(Burrow et al., 1988; Curley et al., 2006).  Several studies have demonstrated 
relationships between EV and production performance on feedlot cattle with reports of 
differences in ADG (Burrow and Dillon, 1997; Petherick et al., 2002; Cafe et al., 2011b; 
Vetters et al., 2013), DMI (Nkrumah et al., 2007; MacKay et al., 2013; Mimiko, 2016), 
and feed efficiency (Llonch et al., 2018).  Additionally, relationships between EV and 
carcass characteristics have been demonstrated with reported differences in hot carcass 
weight (HCW), dressing percentage (DP), yield grade (YG) (Burrow and Dillon, 1997; 
Bates et al., 2014), ribeye area (REA) (Behrends et al., 2009), fat deposition (Hall et al., 
2011), tenderness (Kadel et al., 2006), carcass bruising (Francisco et al., 2015), and 
potential of becoming dark cutters (Coombes et al., 2014).   




It has been suggested that differing management practices and dietary 
supplementation in finishing cattle may potentially alter expected effects of bovine 
temperament on production performance due to differences in intake and efficiency 
(Bruno et al., 2017).  Dietary influence is of importance not only because these effects 
may mask or alter the ability of EV measures to be used as a prediction tool but utilizing 
dietary manipulation to alleviate the typical suppression of growth with increasing EV 
may be possible.  Possible management and dietary factors that may influence the 
expected relationships between MOT and performance responses include effects of 
fescue toxicosis due to grazing toxic endophyte (Epichloё coenophiala)-infected tall 
fescue prior to finishing, novel phytogenic supplementation, or restricted feeding 
management.      
Cattle affected by fescue toxicosis will most likely present with symptoms of 
increased respiration, tenderness in extremities, failure to shed winter haircoats, heat 
intolerance, and reductions in both feed intake and weight gain (Hoveland, 2009).  It is 
commonly known that ruminants will have accelerated growth and increased efficiency 
after a long period of dietary restriction (Fox et al., 1972), a phenomenon known as 
compensatory gain, which would be the expected outcome of finishing cattle previously 
suppressed by grazing endophyte-infected tall fescue (Coffey et al., 1990; Parish et al., 
2013; Altman, 2019).  However, there have also been reports of no compensatory gain in 
finishing studies subsequent to grazing tall fescue with endophyte exposed animals 
entering the feedlot and finishing with reduced weights (Hancock et al., 1988; Duckett et 
al., 2016).  Considering prior endophyte exposure may affect initial weights, growth, and 
efficiency in finishing cattle performance, it could be reasonable to expect this exposure 




to either accentuate or mask relationships between MOT and growth, depending on the 
nature of potential interactions.   
Novel all-natural phytogenic products have gained momentum in the feeding 
industry, as they may provide a solution to public concerns about increased antimicrobial 
usage in livestock production.  The use of subtherapeutic antibiotics as growth 
promotants has been banned by the European Union since 2006 (European Commission, 
2003).  Phytogenic feed additives (otherwise known as phytobiotcs, botanicals, or 
phytochemicals) can be defined as any plant-derived compound supplemented for the 
purpose of improved livestock performance that consists of, but are not limited to, herbs, 
spices, essential oils (EO), saponins, tannins, or flavonoids (Windisch et al., 2008; Kholif 
and Olafadehan, 2021).  Active substances in phytogenics can vary drastically due to an 
endless number of possible plants for utilization, the part of the plant used (e.g. seeds, 
leaf, root, or bark), harvesting season, geographical origin, combinations of substances, 
and techniques used for processing (e.g. cold expression, steam distillation, extraction 
with nonaqueous solvents, etc.); (Windisch et al., 2008).  To date, most research 
evaluating the impact of phytogenics on beef cattle has focused on use of single EO, as 
opposed to combinations of EO or other secondary plant compounds (Brand et al., 2019).  
Essential oils, a component of phytogenics, have shown promising positive effects on 
protein metabolism, VFA production, fiber digestion, and methane production (Cobellis 
et al., 2016).  Some evidence suggests that phytogenics may be better implemented as 
complements to ionophores rather than replacements, especially during dietary adaption 
of beef cattle on high-grain diets (Torres et al., 2021).  Furthermore, anecdotal evidence 
among producers, product claims, and past literature suggest phytogenic supplementation 




may alter both intake and efficiency performance of beef cattle, which could also have 
possible effects on relationships between MOT and growth.  
Lastly, restricted feeding is a dietary manipulation management practice that can 
increase feed efficiency in finishing cattle (Galyean et al., 1999).   Caution should be 
used before implementing this management practice, as group feeding cattle in pens with 
differing BW can make calculating desired restriction level complicated and restricting 
feed intake too much due to inaccurate BW estimates could be detrimental to growth 
performance and carcass quality (Galyean et al., 1999).  Still, restricting intake in order to 
possibly improve animal feeding efficiency may be beneficial under specific situations, 
and is of academic interest for further evaluating the relationships between MOT and 
beef cattle performance.  Most evidence indicates that the relationship between growth 
and EV is mediated through reduced DMI, so elimination of intake differences though 
restricted intake feeding could be used to test this theory. 
 Thus, the objectives of this study were to determine if the expected relationships 
between performance responses, carcass measurements, and EV in finishing cattle would 
be influenced by dietary manipulation of prior endophyte exposure or supplementation of 
a commercial phytogenic product, Actifor® Energy, when fed with monensin and tylosin, 
and to test the role of intake mediation on growth and EV relationships though restricted 
feeding management.      
 




Materials and Methods 
All procedures involved in this experiment were approved by the University of 
Kentucky Institutional Animal Care and Use Committee. Research was conducted at the 
University of Kentucky C. Oran Little Animal Research Center Beef Unit in Woodford 
County, KY. 
Three finishing beef cattle experiments were conducted during two consecutive 
years (Experiment 3.1: 2019-2020 and Experiments 3.2 & 3.3: 2020-2021). 
Experiment 3.1 
Crossbred steers (n = 118; 345 ± 33 kg BW) were utilized in a 150-day finishing 
study subsequent to a previous grazing study (Chapter 2, Exp 2.1).  Steers were blocked 
by weight within original source (see Exp. 2.1) and prior endophyte treatment group, 
stratified by exit velocity and randomly assigned (within source and strata) to each of 40 
pens (2.4 × 14.6 m), such that each pen contained 3 animals of similar source/prior 
endophyte treatment, and divergent exit velocity (one high, one medium, and one low 
exit velocity animal in each pen). Due to removal of two animals prior to this experiment, 
two pens had only 2 steers each (of high and low exit velocity classes).  The exit velocity 
measure used here was the average of 5 exit velocity measures collected across the 113 
days of Exp. 2.1.  Within block, pens were randomly assigned to receive either a control 
diet, or the control diet with the addition of 6g·hd-1·d-1 Actifor® Energy, a proprietary 
phytogenic supplement (Delacon Biotechnik GmbH., USA).  Animals were adapted to 
the finishing diet (Table 3.1) across a 21-d period, commencing 7 d before the initiation 
of this experiment (Table 3.2).  The experimental design was a split-plot within a 




randomized complete block design.  Treatments in the whole plot (pen = experimental 
unit) included prior endophyte exposure (grazed on either novel, non-toxic tall fescue, or 
on toxic, endophyte-infected fescue) and Actifor® Energy supplement (with or without) 
in a 2 x 2 factorial structure.  Although there is interest in phytogenic compounds as 
potential replacements for dietary antibiotics, it is important to note that in this 
experiment, the supplement was fed in addition to Rumensin® (411mg·hd-1·d-1) and 
Tylan® (80mg·hd-1·d-1) to test the potential for additive effects of combined antibiotic and 
phytogenic supplementation.  The subplot (individual animal = experimental unit) 
included exit velocity, which was tested as a continuous covariate.  Notably, this design 
structure allows for the determination of exit velocity effects on animal gain, but not on 
intake or G:F measures, which were obtained on a per-pen basis. 
Animal weights and exit velocities were measured on d 0, 28, 56, 112, and d of 
shipment to abattoir.  Four slaughter dates were used in this experiment (d 132, d 139, 
d 155, and d 176; shipped within blocks, ensuring equivalence among Actifor treatments) 
in order to accurately target backfat thickness at time of slaughter (1.27 cm, estimated 
prior to shipment by BW) given a diversity of starting weights.  
Experiment 3.2  
Crossbred steers (n = 72; 360 ± 31 kg BW) were utilized in a 174-day finishing 
study subsequent to a previous grazing study (Chapter 2, Experiment 2.2).  Steers were 
randomly assigned to pen groups such that each of 24 pens was comprised of three 
animals of similar source (as described in Exp. 2.2), weight, prior endophyte exposure, 
and exit velocity class (as measured on d 0; fast vs slow, within respective groups).  The 
median exit velocity was 2.47 and 1.40 m·s-1 for the respective groups.  Unlike Exp. 3.1, 




this design allowed for evaluation of exit velocity effects on intake and G:F, in addition 
to ADG.  This experiment used a randomized complete block design, with a 2 x 2 x 2 
factorial treatment structure.  Factors included prior endophyte exposure (from Exp. 2.2), 
exit velocity (fast vs slow), and dietary restriction (ad libitum vs 90% of ad libitum).  Diet 
restrictions were calculated weekly using a paired-feeding approach, within each block of 
4 pens.  Each block contained animals of similar source, weight & prior endophyte 
exposure and one pen each of fast exit velocity/ad libitum intake, fast exit 
velocity/restricted intake, slow exit velocity/ad libitum intake, and slow exit 
velocity/restricted intake.  Because an important objective of this experiment was to 
compare growth and feed efficiency of fast vs slow exit velocity animals at similar 
intakes, the restricted intakes were equalized between both restricted groups within each 
block (at 90% of ad libitum intake on a BW.75 basis).  Because prior research (Nkrumah 
et al., 2007; Cafe et al., 2011a; MacKay et al., 2013; Bruno et al., 2016; Llonch et al., 
2016; Mimiko, 2016; Llonch et al., 2018) indicated the likelihood of decreased intake 
with increased exit velocity, the DMI of the fast exit velocity/ad libitum group within 
each block was used as the reference value for determining the feed offering for both of 
the respective restricted pens within each block.  The composition of the diets was 
identical for all pens (Table 3.3) and Rumensin® and Tylan® were supplemented to 
provide 353 mg·hd-1·d-1 and 68 mg·hd-1·d-1, respectively.  Steers were adapted to diets 
over a 4-week period, commencing 15 d before the start of the experimental period, 
following the schedule in Table 3.4. 
Animal weights and exit velocities were obtained on d 0, 28, 56, 84, 112, 140, and 
d of shipment to abattoir.  In order to accurately target backfat thickness at slaughter 




(1.27 cm), steers were slaughtered in two groups (d 154 and 174), balanced across 
treatments by shipping within blocks.   
Experiment 3.3 
Crossbred steers (n = 48, 415 ± 34 kg BW) were utilized in a 154-d finishing 
study. Steers in this group had previously been used in confinement growing studies and 
had been at the research center for at least 125 days before the start of this experiment 
and fed growing diets commensurate with 0.91 to 1.13 kg/d ADG throughout that period.     
Steers were randomly assigned to pen groups such that each of 16 pens was comprised of 
three animals of similar weight and exit velocity class (as in Exp. 3.2). Median exit 
velocities for the two exit velocity treatments were 2.60 and 1.77 m·s-1. The remainder of 
the design was as described for Exp. 3.2, with the exclusion of prior endophyte exposure. 
Thus, the treatments were arranged as a 2 x 2 factorial (dietary restriction and exit 
velocity class) in a randomized complete block design.  Diets, feeding strategy, and 
measurements were identical to that described in Exp. 3.2, and Exp. 3.2 and 3.3 were 
conducted concurrently.  Animal weights and exit velocities were obtained concurrently 
with those in Exp. 3.2.   However, because these cattle were somewhat heavier than those 
in Exp. 3.2 at the start of the experiment, slaughter dates for the two slaughter groups in 
this experiment were on d 119 and 154. 
Feeding management, intake measurements and efficiency calculations 
 In all experiments, feed was delivered to each bunk once daily and delivered 
quantity was recorded to the nearest pound.  Feed bunks were checked at least once daily 
and managed to ensure that steers had ad libitum access to rations (on appropriate 




treatments), which were mixed and delivered each morning.  Feed ingredients were 
sampled weekly for DM determination, and AF feeding rates were appropriately adjusted 
based on these values to ensure consistent DM proportions in the diet.  Refused feed was 
weighed and sampled weekly, and samples were used for DM determination to calculate 
weekly DMI for each pen.  Feed efficiency was calculated (on a per-pen basis) as kg 
gain/kg DMI over the intervals defined by the weighing schedule for each experiment.  
Carcass Data  
Each group of steers was shipped approximately 770 km to an abattoir (Tyson 
Fresh Meats, Joslin IL) where camera carcass data (hot carcass weight, calculated yield 
grade, longissimus muscle area, marbling score, back fat depth, and kidney pelvic heart 
fat percentage) was collected by trained Tyson personnel.    
Statistical Analysis 
All response variables were analyzed for treatment effects on heterogeneity of 
variance using the SAS macro and approach described for Exp. 2.  Although there was 
some evidence of heterogeneity for certain response variables, there was no consistent 
treatment factor responsible for the heterogeneity and effects on P-values were trivial 
when compared with the more parsimonious homogeneous models.  Thus, all responses 
reported here were derived using models appropriate for homogeneous error variance. 
Normality assumptions were assessed using the same approach and criteria as described 
for Exp. 2.   
Data for Exp. 3.1 were analyzed using the mixed model platform in SAS JMP Pro 
(v 14.3) with weight block and associated interactions specified as random effects. The 




model used was appropriate for a split plot with a randomized complete block whole plot 
design.  Whole plot (experimental unit = pen of 3 head) factors were arranged in a 2 x 2 
factorial and included prior endophyte status (non-toxic vs toxic) and Actifor® Energy 
supplement (without and with). Prior exit velocity was analyzed as a covariate in the 
subplot (experimental unit = animal).   
For Exp. 3.2, response variables were analyzed using the Mixed procedure of 
SAS (v 9.4) where weight block was specified as a random effect and fixed effects 
included the treatment factors in a 2 x 2 x 2 factorial treatment structure (restricted vs ad 
libitum intake; slow vs fast exit velocity; prior exposure to nontoxic or toxic fescue).  The 
statistical model was appropriate for a randomized complete block design, with 
block(endophyte treatment) specified as a random effect. In situations where interactions 
were significant, interaction means were separated using protected (P < 0.10) Fisher’s 
LSD.  
 For Exp. 3.3, response variables were analyzed using the Mixed procedure of 
SAS (v 9.4) where weight block was specified as a random effect and fixed effects 
included the treatment factors in a 2 x 2 factorial treatment structure (restricted vs ad 




  There were no 3-way interactions (P > 0.22) for any response variable in 
this experiment.  Starting weights (Table 3.5) averaged 22 kg lower (P = 0.10) for cattle 




previously grazing endophyte-infected pasture but the difference in exit velocity also 
affected the relationship between endophyte exposure status and initial weight 
(endophyte × exit velocity interaction, P = 0.04), wherein differences between endophyte 
status were greater among slow exit velocity cattle than among fast exit velocity cattle 
(Fig. 3.1).  The only notable effect of Actifor supplementation on gain was during the 
first 28 d, where supplementation with this product interacted with prior endophyte status 
(P = 0.07) such that 0 to 28 d gains were improved (P < 0.10) with supplementation for 
cattle previously grazing non-toxic fescue, but not for those previously grazing toxic 
fescue. Consequently, an interaction between these two factors was also detected (P = 
0.06) for ADG across the entirety of the finishing period in which supplemented cattle 
from non-toxic fescue had 0.2 kg·d-1 greater (P < 0.10) ADG than supplemented cattle 
from toxic fescue.  Gains for cattle previously grazing toxic fescue lagged behind their 
non-toxic counterparts during the first 56 d of the study, though, in the absence of 
phytogenic supplementation, there were no differences (P > 0.10) in ADG across the 
duration of the finishing period.  Similarity of final weights among endophyte treatments 
(P = 0.34) was reflective of an additional 15 days on feed for cattle that started lighter 
because of prior toxic fescue exposure.  
The most consistent response in this study was a reduction in ADG with 
increasing exit velocity, significant (P < 0.10) in all but one measurement period, and 
averaging 0.13 kg·d-1 decrease in ADG for every 1 m·s-1 increase in exit velocity (P < 
0.01).  As a consequence, the differential due to exit velocity in initial weight of -8 
kg/m·s-1 resulted in a differential in final weights of -26 kg/m·s-1.  
 




Although DMI (as % of BW) during the first 28 d tended (P = 0.12) to be 
depressed by prior exposure to toxic endophyte, this effect was offset by a trend (P = 
0.11) in the opposite direction during the last period, such that DMI was largely 
unaffected (P > 0.24) by endophyte exposure or Actifor® Energy supplementation (Table 
3.6).  Feed efficiency across the entire study (d 0 to end) was unaffected (P > .10) by 
supplementation for cattle which previously grazed non-toxic fescue and tended (P = 
0.11) to be decreased by Actifor® Energy supplementation in cattle that had grazed toxic 
fescue (endophyte × Actifor interaction, P = 0.09).  The greatest effect on G:F occurred 
during the first 28 d, during which Actifor supplementation improved (P < 0.10) G:F in 
steers coming off of non-toxic fescue, but not (P > 0.10) toxic fescue (endophyte × 
Actifor interaction, P = 0.07).   
Carcass measurements were largely unaffected (P >0.10) by endophyte or 
Actifor® Energy (Table 3.7).  Increased prior exit velocity was associated with lighter 
HCW, decreased backfat, and lower YG (P ≤0.02). The interaction between exit velocity 
and prior endophyte status seen with initial weight appeared to carry through to HCW 
(endophyte × exit velocity interaction, P = 0.07, Fig. 3.2), in that carcasses from cattle 
that had grazed nontoxic fescue were 12.4 kg lighter for each 1m·s-1 increase in exit 
velocity (P < 0.01), whereas exit velocity did not affect carcass weight (P = 0.21) for 
cattle previously grazing toxic fescue.  Differences in HCW between prior endophyte 
treatments largely disappeared because of the 15 d longer feeding period for cattle that 
started at a lighter weight. 
Experiment 3.2 




No three-way, and relatively few two-way interactions between main effects were 
detected.  Because of this, and for clarity of presentation, main effects are presented in 
tables, whereas relevant two-way interaction responses are presented separately.  Starting 
weights were unaffected (P > 0.12) by any treatment factor, although, by chance, were 
numerically 7 kg greater (P = 0.12) for animals assigned to the ad libitum dietary 
treatment (Table 3.8).  For almost all measurement intervals, ADG was not influenced (P 
> 0.52) by previous endophyte exposure status (Table 3.8).  Gains between d 112 to 140 
appeared to be an exception (P = 0.10), when gains from cattle previously grazing toxic 
fescue were 0.23 kg/d greater than from those previously on nontoxic fescue.  However, 
the presence of this effect only during a single 28-d interval suggests that it is anomalous, 
and there were no indications of endophyte differences across the duration of the 
experiment.  Average daily gain was initially 0.16 kg lower (d0 to 28; P = 0.04) for the 
fast exit velocity group (Table 3.8).  However, ADG was not affected by EV (P > 0.23) 
for the remainder of the experiment.  Nonetheless, there was evidence that exit velocity, 
interacting with diet restriction, affected variability of gain across the duration of the 
experiment (Figure 3.4).  A heterogeneous model using independent errors for each exit 
velocity × dietary treatment group provided substantially better fit (Δ BIC = 6.6) than the 
homogeneous variance model, with dietary restriction resulting in decreased variation in 
ADG for slow, but not fast exit velocity steers. Although this heterogeneous model 
provided the best fit for this response variable, use of this model only had trivial impact 
on P-values for main effect or interaction tests, and did not affect interpretation of 
treatment effects.  Thus, for consistency and parsimony, data in the tables reflects results 
from homogeneous variance models. 




Restricted intake effects on ADG were most prominent in the first 56 days, with 
cattle gaining 0.66 kg·hd-1·d-1 more (P < 0.01) for ad libitum intake on days 0-28 and 
0.45 kg·hd-1·d-1 more (P = 0.01) for ad libitum intake on days 28-56.  An endophyte 
status × dietary treatment interaction (P = 0.06) affected the magnitude, but not the 
direction, of the response, as shown in Figure 3.3a. Average daily gain was not affected 
(P > 0.31) by dietary treatment for the reminder of the experiment, although there was an 
overall effect (P <0.01) with cattle gaining 0.21 kg·hd-1·d-1 more for ad libitum intake vs 
restricted intake.    
Intake (%BW) was unaffected by previous endophyte exposure (P > 0.48) and, 
with the exception of the first 56 d, unaffected by exit velocity (P > 0.12) as well (Table 
3.9).  By design, DMI was lower for the restricted groups throughout, though the 
difference was non-significant (P > 0.23) during the last 42 days of the experiment. 
Across the entire finishing period, the restricted groups’ intake averaged 91.2% of the ad 
libitum groups’ (as a % of BW).  There was an interaction between EV and diet 
restriction (P = 0.03) for DMI during the first period, during which ad libitum intake for 
the fast EV group was lower than for the slow EV group (Figure 3.3c). During period 2 
(d 28 -56) DMI was 0.09% BW lower (P = 0.04) for fast- vs slow exit velocity cattle.  
Otherwise, there were no differences (P > 0.12) in intake (as % BW) attributable to EV.  
Because restricted intake calculations were performed on a metabolic body weight 
(BW.75) basis, intakes expressed as g·kg BW.75 are presented in Table 3.10. Results here 
were essentially reflective of results calculated as % BW, though it is apparent from these 
data that we achieved our goal of 90% restriction (restricted/ad libitum = 89.8%) across 
the duration of the experiment. 




Prior endophyte exposure had little effect on feed efficiency (Table 3.11). 
However, there was an endophyte x diet interaction (P = 0.05) for the first 28 days as 
calves previously grazing toxic fescue had increased efficiency (P < 0.05) when intake 
was restricted (Fig. 3.3b).  There was an initial (d 0-28) tendency (P = 0.07) for slow EV 
cattle to have improved efficiency over fast EV cattle, but overall feed efficiency was not 
influenced by EV (Table 3.11).  An interaction between EV and endophyte status was 
detected (P = 0.06) for G:F during period 3 (d 56-84), but this was transient and was not 
detected in any other period, or across the entirety of the finishing period.  Feed 
efficiency was substantially affected by dietary treatments with ad lib cattle having 
improved efficiency the first 28 days (P <0.01), no difference between treatments for 
days 28-56 followed by improved feed efficiency for the restricted group during days 56-
84 (P = 0.02), with these effects balancing out to result in no difference (P = 0.63) in feed 
efficiency between ad lib and restricted treatments across the entirety of the finishing 
period.   
Carcass measurements were largely unaffected (P > 0.12) by prior endophyte-
infection or EV (Table 3.12).  Restricted intake (P ≤0.01) was associated with lighter 
HCW, reduced DP, lower YG, reduced marbling, reduced backfat, and reduced KPH 
(Table 3.12).  Cattle on restricted diets previously grazing toxic endophyte-infected 
fescue had higher YG (P = 0.03) than same group of cattle fed ad libitum, but this 
response was reversed for cattle previously grazing nontoxic fescue (interaction means 
not shown).  Cattle previously grazing toxic endophyte-infected fescue with slow EV had 
increased marbling (P = 0.02) compared with the same group of cattle with fast EV 
(interaction details not shown).                





There were no interactions (P > 0.12) between dietary restriction and EV for any 
weight gain- or intake-related response variables in this experiment.  Starting weights 
were 14 kg lower for slow EV cattle (P = 0.01) compared to fast EV cattle (Table 3.13).  
Average daily gain was not influenced by EV (P > 0.0.64).  Restricted intake effects on 
ADG were most prominent in the first 84 days, with cattle gaining 0.48 kg·hd-1·d-1 more 
(P <0.01) for ad libitum intake on days 0-28, 0.25 kg·hd-1·d-1 more (P = 0.05) for ad 
libitum intake on days 28-56, and 0.21 kg·hd-1·d-1 less (P = 0.05) for ad libitum intake on 
days 56-84 (Table 3.13).  Average daily gain was not affected for days 84-112, but there 
was an overall effect (P = 0.04) with cattle gaining 0.12 kg kg·hd-1·d-1 more for ad 
libitum intake vs restricted intake.   
Restricted feeding necessarily resulted in reduced DMI (as %BW; Table 3.14) for 
cattle on restricted feeding management (Table 3.14). Dietary restriction met the goal of 
90% of ad libitum intake (89.9% on % BW basis, and 90.0% on BW0.75 basis; Table 
3.15). There was an initial decrease (P = 0.03) in intake for fast EV cattle but no effects 
of EV past day 28 (Table 3.14).   
There was no effect of EV (P > 0.43) on feed efficiency (Table 3.16).  Feed 
efficiency was greatly affected by dietary treatments with ad libitum cattle having 
improved efficiency the first 28 days (P = 0.03); no difference between treatments for 
days 28-56; then restricted intake having improved feed efficiency for days 56-84 (P < 
0.01); and overall, improved feed efficiency for restricted intake cattle (P = 0.03, Table 
3.16). Final BW were 17 kg lower for restricted diet cattle (P = 0.06) compared to ad lib 
fed cattle, and 19 kg lower for slow EV cattle (P = 0.08, Table 3.13).   




Interactions between EV and dietary restriction were detected for YG (P < 0.01), 
REA (P = 0.03), backfat (P < 0.01), and KPH (P < 0.01; Table 3.17). Backfat, KPH, and 
YG were increased (P < 0.10) and REA was decreased (P < 0.10) with dietary restriction 
for slow EV steers, whereas the opposite trends occurred for fast EV steers (data not 
shown).  Additionally, restricted intake and slow EV were independently associated with 
lighter (P < 0.03) HCW, and marbling was lower (P = 0.01) in slow EV cattle.   
Discussion  
Relationships between EV and production responses as influenced by dietary and prior 
management practices  
The most common reported relationship between EV and production variables is 
reduced ADG with increasing EV (Burrow and Dillon, 1997; Fell et al., 1999; Petherick 
et al., 2002; Curley et al., 2006; Müller and von Keyserlingk, 2006; Vann et al., 2008; 
Behrends et al., 2009; Petherick et al., 2009b; Cafe et al., 2011b; Vetters et al., 2013; 
Bates et al., 2014; Mimiko, 2016).  In the reported literature, this relationship has been 
evaluated most frequently in finishing studies with animals on high energy diets.  The 
present studies resulted in inconsistent relationships between EV and ADG.  In Exp. 3.1, 
in which EV was determined as the average of 5 measures obtained across 113 days 
preceding the initiation of the experiment (i.e. from Exp. 2.1), the EV – ADG relationship 
was consistent with most literature reports, in that ADG was consistently decreased with 
increasing EV, and averaged -0.13 kg·d-1/m·s-1 across the duration of the feeding period. 
A review of 6 literature reports with finishing cattle (Ch. 1; Table 1.1) indicated a range 
from -0.08 to -0.33 kg·d-1/m·s-1, with an average response of -0.18 kg·d-1/m·s-1, placing 
results from the present study comfortably within the reported range of responses.  




However, in Exp. 3.2 and 3.3, there was little evidence of a relationship between EV and 
ADG, with the exception of a significant negative association during the first 28 d in Exp. 
3.2.  This difference between experiments existed despite the similarity of the range in 
EV between the experiments (1.01 to 4.54 m·s-1 in Exp. 3.1; 0.77 to 4.71 m·s-1 in Exp 
3.2; 0.52 to 4.93 m·s-1 in Exp 3.3), and general similarity in type of cattle, diet 
composition, and handling and management of the cattle.  One difference between the 
experiments was the use of a single EV measure (obtained at the start of the finishing 
period) for Exp. 3.2 and 3.3, compared with the use of an average of 5 previous measures 
in Exp. 3.1.  However, for 72 head in Exp. 3.2, a set of 4 previous EV measures was 
available (analogous to those used for Exp. 3.1) and post-hoc assessment using the 
average of these values did not result in any detectable association between EV and ADG 
in that experiment.  It is likely that prior handling of the cattle in Exp. 3.2 and 3.3 
diminished the value of measured EV as a predictor of ADG.  Calves used in Exp. 3.2 
that were sourced from UK had been used in an experiment in which they were handled 
frequently during the pre-weaning period, prior to the collection of any EV measures.  
Likewise, purchased cattle that were used in both Exp. 3.2 and 3.3 had been processed 
through the handling facilities a number of times prior to the collection of the initial EV 
measures that were used for these experiments.  Behrends et al. (2009) discussed how 
acclimation of cattle to facilities and management practices can influence EV measures 
and reduce the ability to reliably test relationships.  Supporting this, past experiences, 
such as an increased number of times animals are handled, relate to an overall reduction 
in EV (Petherick et al., 2002; Curley et al., 2006; Adamczyk et al., 2013; Francisco et al., 
2015; Bruno et al., 2016).  Additionally, Graham et al. (2001) discovered no relationship 




between EV and ADG, and discussed concerns of increased (more than typical practices) 
prior handling before initial EV measurement was captured.  Although these acclimated 
behavioral measures are not necessarily indicative of amelioration of the effect on animal 
performance (i.e. ADG response), the value of the EV measure may be compromised for 
testing the relationship.  This is consistent with the suggestion by Bruno et al. (2017) that 
EV measures during initial exposure to handling facilities may be more sensitive to 
relationships with growth performance compared with acclimated measures.    
One unique aspect of these experiments was the focus on factors that could 
potentially modify the relationship between EV and ADG during the finishing phase. 
Little evidence was generated to support the hypotheses that either prior exposure to toxic 
fescue or inclusion of phytogenic supplement resulted in such modification.  The 
presence of an interaction between EV and endophyte exposure for initial weight in Exp. 
3.1 was the result of interactive effects during the preceding grazing season.  Because 
both EV and endophyte toxicity affect ADG primarily via reduced DMI, it is logical that 
these factors would interact such that exit velocity effects would be more pronounced 
when other constraints on DMI (like endophyte toxicity) are absent.  The absence of 
meaningful influence of supplementation with a commercial phytogenic supplement 
precluded the ability for testing hypotheses related to the potential for supplementation to 
modify the EV/ADG relationship in Exp. 3.1.  
A unique component of Exp. 3.2 and 3.3 was the inclusion of restricted dietary 
intake to test the potential for EV to have meaningful effects on ADG and/or G:F in the 
absence of intake differences.  Unfortunately, in those experiments, there was little 
evidence of EV effects, largely precluding the ability to test that hypothesis.  However, 




an interaction between diet restriction and EV did occur for ADG during the first 28 d, 
which can provide some limited insight into the relative role of intake vs feed efficiency 
in the EV/ADG relationship.  In this case, as intended, ad lib DMI was slightly lower for 
fast EV cattle, and restricted intakes for both fast and slow EV cattle were equalized at 
90% of the intake of the fast EV ad lib intakes, resulting in the interaction.  However, 
there were no interactions for ADG or G:F during this period: fast EV cattle gained less 
and were less efficient, even when intake was equalized during the first 28 d of this 
experiment.  This finding, though quite limited (only seen in one of six periods), would 
lead us to reject the hypothesis that the effects of EV on ADG are exclusively intake-
driven.  Though reduced intake has been a common finding in the literature (Nkrumah et 
al., 2007; Cafe et al., 2011a; MacKay et al., 2013; Bruno et al., 2016; Llonch et al., 2016; 
Mimiko, 2016; Llonch et al., 2018), it appears that lowered efficiency of feed conversion 
is also a likely consequence of increased EV, in agreement with some literature reports 
(Petherick et al., 2002; Llonch et al., 2018). 
 Despite the minimal EV effects on mean responses for ADG in Exp. 3.2, results 
suggested potential for EV effects on the variance of ADG responses under some 
circumstances (here, dietary restriction).  Although this is admittedly very limited 
evidence, future research should consider the potential for temperament measures to 
influence variation of responses, in addition to looking for effects on mean values for 
response variables.  
In Exp 3.1, where relationships between EV and growth were discovered, there 
were also relationships between carcass traits and EV that were most likely related to 
differences in gain (i.e. HCW, YG, and backfat). Furthermore, in Exp. 3.2 where no ADG 




differences due to EV were reported, there were likewise no relationships between 
carcass traits and EV.  Although there were some apparent positive relationships between 
EV and improved carcass traits in Exp. 3.3, these were most likely a consequence of fast 
cattle starting and ending with increased average weight, with no differences in gain 
between EV groups.   
There was no influence on EV responses by phytogenic supplementation in the 
present study; however, this is most likely due to low significant effects of phytogenics 
altogether (further discussed below).  A study by Ornaghi et al. (2017) discovered similar 
lack of relationship between phytogenic supplementation and exit velocity. However, 
goals in that experiment were to see if phytogenic supplementation altered animal 
temperament rather than if phytogenic supplement influenced the expected relationship 
between EV and ADG, as in the present study.   
Effects of prior endophyte exposure on subsequent finishing performance 
 Compensatory gain during the finishing phase for cattle with suppressed growth 
from toxic fescue is common (Coffey et al., 1990; Lusby et al., 1990; Beconi et al., 1995; 
Cole et al., 2001; Parish et al., 2013).  Contrastingly, there have been reports of no 
compensatory gain with cattle entering the feedlot lighter due to previously grazing toxic 
fescue vs another grazing regime.  In those reports, cattle remained lighter throughout the 
entire finishing phase (Hancock et al., 1988; Duckett et al., 2001; Duckett et al., 2006; 
Scaglia et al., 2013; Coffey et al., 2015; Duckett et al., 2016).  Our results were similar to 
these, as cattle entered the feedlot lighter and lagged behind (more days on feed 
required), and even had reduced gains during the first 8 weeks in Exp. 3.1.  To our 
knowledge, no reports of negative impact on prior endophyte exposure on subsequent 




gain have been published.  However, some small carryover effects may exist as Aiken et 
al. (2006) reported heat stress was not alleviated until 6 to 10 d after placing animals on 
fescue-free diets (i.e. Bermudagrass pasture) after endophyte exposure.  Additionally, 
Klotz et al. (2016) reported vascular recovery from ergot alkaloid exposure took a 
minimum of 35 to 42 d upon removal from endophyte-infected fescue pasture and placed 
on a corn silage-based diet in a dry lot.  This timeline is commensurate with the time 
period of reduced ADG observed in Exp. 3.1. 
 Additionally in Exp. 3.1, prior endophyte exposure resulted in reduced impact of 
phytogenic supplementation (further discussed below).    
Effects of phytogenic supplementation on finishing cattle performance  
 One main challenge with evaluating phytogenic supplementation is proprietary 
composition of most commercially available products as in the current study.  
Additionally, variation amongst products, undiscovered modes of action, and limited 
research on the use of phytogenics in finishing beef cattle adds complexity in evaluating 
such compounds.  In the present study (Exp. 3.1) results of phytogenic supplementation 
alone indicated low significance especially for cattle previously grazing toxic fescue for 
improvements on gain, feed efficiency, differences in intake, or carcass characteristics.  
Past in vivo work evaluating various effects of differing phytogenic supplements on 
performance, efficiency, and carcass characteristics of finishing cattle has yielded varied 
results.  Three studies reported supplementation of various combinations of EO at 
different dosages on finishing cattle and reported no effect on performance or carcass 
characteristics when comparing to either no supplementation (Rivaroli et al., 2017), 
tylosin (Pukrop et al., 2019), or combined monensin and tylosin supplementation (Wang 




et al., 2020).  In contrast, results from a study on 656 crossbred steers indicated a 
tendency (P = 0.07) for increased efficiency in cattle receiving a combination of 
monensin and a commercial blend of EO (terpenoids, phenylpropanoids, and alkaloids) 
versus cattle receiving monensin and tylosin, with no difference in liver abscesses, 
concluding EO may be an alternative to tylosin (Araujo et al., 2019).  Additionally, 
Ornaghi et al. (2017) reported when supplementing 40 crossbred bulls with either 0, 3.5, 
or 7.0 g/d of clove or cinnamon EO in the diet, that both ADG and DMI increased 
linearly with increased dosage of EO (P < 0.05).  Finally, 120 Angus x Charolais 
crossbred steers utilized in a 110 d finishing study supplemented with either 0, 0.05, or 
0.1 g/kg of DM of a commercial phytogenic product (licorice, caraway, vanilla, essential 
oil of clove, salt, and silicon dioxide) with the inclusion of monensin at 25 mg/kg of DM, 
responded with a linear increase in ADG with increasing dosage of phytogenic product 
(P  < 0.09), no difference in DMI or G:F, and with a longissimus muscle area that was 
affected quadratically with the 0.05 dosage of phytogenic supplement group having the 
largest area (P = 0.05; Brand et al., 2019). 
To our knowledge, this is the first report to test phytogenics as a complement to 
both monensin and tylosin together.  Our results indicated that phytogenic 
supplementation yielded small improvements in feed efficiency and gain for cattle which 
had previously been grazing non-toxic fescue, but essentially opposite effects for cattle 
previously grazing toxic fescue.  Considering grazing toxic endophyte-infected fescue is 
common in cattle prior to entering the feedlot, this interaction is important. However, the 
evidence from this lone study is not strong and possible explanations are unknown, 
indicating the need for further investigation.     




 Additionally while novel supplements may have some benefits and practical 
applications under specific situation, especially when considering that the 2020 market 
for phytogenic feed additives on all livestock species sales is estimated at $753 million 
globally (MarketsandMarkets, 2021), there are still a few associated concerns and 
questions.  Phytogenics can be concerningly variable, with potentially unstable or limited 
shelf life, may be potent in smell and taste, and might have undiscovered toxicity effects 
(Cobellis et al., 2016). These reports of variation amongst products used and reported 
outcomes are to be expected given the nature of these products’ variability and vast 
availability of differing plant secondary metabolites.  Plant secondary metabolites can be 
perceived by the public to be safer than the use of antibiotics or other chemicals, but 
further research and possible regulation is still needed on phytogenics (Cobellis et al., 
2016).  Research of varying phytogenic products on monogastric livestock is readily 
available, whereas beef cattle studies are mostly limited to the supplementation of EO.  
Further research is warranted on a wide range of phytogenic products to single out active 
compounds and determine effective dosage, mode of action, and economic benefits on 
the beef cattle industry.  Additionally, there is a need to further develop consistency in 
terminology used when researching and referring to plant secondary metabolites.     
Effects of restricted intake on finishing cattle performance  
In the present experiments, dietary restriction was used to test specific hypotheses 
regarding the nature of the relationship between EV and ADG.  However, there has been 
some interest in the use of restricted, or controlled, intake in finishing cattle because of 
potential implications on efficiency of feed conversion.  Both Hicks et al. (1990) and 
Murphy and Loerch (1994) reported that by restricting intake to approximately 90% of ad 




libitum feeding level, an improvement in efficiency was not present until d 56 and d 85 
respectively, with overall improvement in efficiency of 10.9 % or no overall effects on 
efficiency, respectively.  Intake restriction also reduced average daily gain by 9.9%, 
reduced fat deposition, and reduced the number of cattle grading USDA choice at 
slaughter in both studies (Hicks et al., 1990; Murphy and Loerch, 1994).  As expected, 
our results were similar, with improvement in efficiency only after day 56 and with 
substantial negative impacts on growth (6.5 to 10.8%) and carcass characteristics.   
Conclusion 
 Many challenges are associated with obtaining useful MOT (in this case exit 
velocity) values.  Results from these studies coupled with other literature reports suggest 
consideration needs to be taken for effects of prior handling and cattle acclimation to 
facilities prior to initial measure capture.  Accordingly, entire life-cycle systems need to 
be considered when evaluating and interpreting EV influences on growth.    Additionally, 
the presence of other potentially confounding factors (e.g. relationship with initial weight 
in Exp. 3.3) need to be accounted for before relying on MOT as an accurate prediction 
tool.  More work is still needed to fully understand the nature of some discovered 
relationships between EV, intake, feed efficiency, and gain. Results from these 
experiments provide no evidence of any direct relationship between EV and carcass traits 
beyond effects associated with reduced overall growth.  In terms of dietary manipulation, 
given the lack of evidence that previous endophyte exposure influenced the relationship 
between EV and ADG in the finishing phase, it is unlikely other prior grazing systems 
would influence this relationship during subsequent finishing performance.  However, 
there is potential for some carryover effects with cattle previously grazing endophyte-




infected tall fescue on effectiveness of dietary supplementation (e.g. phytogenics).  
Additionally, determining proper components, mode of action, proper dosage, and all 
potential effects of phytogenic supplementation on beef cattle is needed before 
consideration of either complements or replacements to antibiotics.  Finally, utilizing 
controlled feeding may be beneficial for testing certain hypotheses in research and 
perhaps in certain commercial situations but economic benefit considering loss in overall 
HCW is questionable.  





Table 3.1. Experiment 3.1: Ingredient composition of experimental diets. 
  















































































Table 3.2. Experiment 3.1: Finishing diet transition schedule. 
  
Step % Concentrate Formulated NEg (Mcal/kg DM) Day 
1 35 1.10 d -7 to d 1 
2 50 1.17 d 2 to d 7 
3 65 1.26 d 8 to d 14 
Final 90 1.39 d 15 to end 































Table 3.3. Experiment 3.2 & 3.3: Ingredient composition of 
experimental diets. 
  % of diet DM 
Rye haylage  10.000% 
Dried distillers grains   25.000% 
Cracked corn grain  27.500% 
High moisture corn  27.500% 
Limestone  1.920% 
Urea  0.356% 
TM premix  0.500% 
Vitamin ADE premix  0.022% 
Rumensin®-90  0.016% 
Tylan®-40  0.007% 
Ground corn grain  6.922% 
Choice white grease   0.250% 










Step % Concentrate Formulated NEg (Mcal/kg DM) Day 
1 35 1.10 d -15 to d -1 
2 50 1.17 d 0 to d 5 
3 65 1.26 d 6 to d 13 





Table 3.5. Experiment 3.1: Effect of prior exposure to toxic endophyte, supplementation with Actifor® Energy, and exit velocity on 



























ActEn Endo ActEn EV 
Initial wt, kg 366 361 341 342 9.2 -8 0.60 0.27 0.04 0.53 0.10 0.36 <0.01 
Final wt, kg 656 663 656 645 8.4 -26 0.22 0.22 0.25 0.34 0.34 0.79 <0.01 
Days on feed 143 143 158 158 - - - - - - - - - 
ADG, kg/d              
d 0-28 1.41d 1.75e 1.38d 1.23d 0.129 -0.21 0.38 0.07 0.52 0.09 0.05 0.42 0.03 
d 29-56 2.34 2.41 2.20 2.11 0.098 -0.16 0.73 0.35 0.78 0.22 0.06 0.87 0.01 
d 57-112 2.32 2.22 2.27 2.22 0.073 -0.06 0.26 0.74 0.09 0.71 0.69 0.31 0.33 
d 113-End 1.94 2.04 1.98 1.91 0.094 -0.16 0.92 0.27 0.36 0.27 0.71 0.83 0.01 
d 0-End 2.05de 2.13d 2.00de 1.93e 0.055 -0.13  0.27 0.06 0.25 0.17 0.08 0.92 <0.01 
a EV = exit velocity; ActEn = Actifor® Energy; Endo = endophyte status. 
b End = last day of experiment, which varied from d132 to d176 for the four slaughter groups, which were each balanced across 
treatments. Slaughter dates for each group were determined based on target backfat estimate of 1.27 cm. 
cExit velocity effect shown as slope of response on exit velocity. Units are kg weight/1m·s-1 or kg·d-1/1m·s-1 increase in exit 
velocity, for body weights and ADG responses, respectively. 
deMeans with different superscripts differ (P < 0.10). 
  






Table 3.6. Experiment 3.1: Effect of prior exposure to toxic endophyte and supplementation with Actifor® Energy on dry matter 
intake (DMI) and feed efficiency (G:F) in finishing steers.  
 Nontoxic Endophyte Toxic Endophyte  P-value
a 
Itemb ActEn- ActEn+ ActEn- ActEn+ SEM 
Endo × 
ActEn Endo ActEn 
DMI, % BW          
d 0-28 2.12 2.20 2.07 2.06 0.051 0.24 0.12 0.34 
d 29-56 2.42 2.45 2.37 2.38 0.053 0.88 0.33 0.57 
d 57-112 2.36 2.37 2.40 2.40 0.034 0.90 0.41 0.90 
d 113-End 2.00 1.99 2.06 2.06 0.031 0.93 0.11 0.81 
d 0-End  2.23 2.27 2.20 2.21 0.030 0.36 0.26 0.29 
         
G:F          
d 0-28 0.172c 0.207d 0.185cd 0.165c 0.0150 0.07 0.35 0.60 
d 29-56 0.220 0.221 0.227 0.219 0.0087 0.62 0.83 0.70 
d 57-112 0.183 0.172 0.187 0.185 0.0052 0.43 0.12 0.25 
d 113-End 0.155 0.162 0.157 0.155 0.0050 0.40 0.66 0.65 
d 0-End  0.180 0.184 0.182 0.177 0.0028 0.09 0.55 0.81 
a Endo × ActEn = Endophyte × Actifor® Energy interaction; Endo = endophyte main effect; ActEn = Actifor® Energy 
supplementation main effect. 
b End = last day of experiment, which varied from d132 to d176 for the four slaughter groups, which were each balanced 
across treatments. Slaughter dates for each group were determined based on target backfat estimate of 1.27 cm. 
c,dMeans with different superscripts differ (P < 0.10). 
  






Table 3.7. Experiment 3.1: Effect of prior exposure to toxic endophyte, supplementation with Actifor® Energy and exit velocity on 



























ActEn Endo ActEn EV 
HCW, kg 395 394 392 384 5.1 -15 0.42 0.42 0.07 0.49 0.26 0.37 <0.01 
DP, %  62.4 62.1 62.2 62.0 0.28 0.3 0.95 0.92 0.27 0.78 0.67 0.39 0.18 
YG  3.39 3.35 3.44 3.40 0.138 -0.23 0.56 0.98 0.14 0.95 0.76 0.74 0.03 
REA, cm2 88 87 88 86 1.5 -0.8 0.43 0.75 0.69 0.98 0.78 0.31 0.47 
Marbling  539 562 557 568 25.5 -22 0.38 0.79 0.33 0.74 0.69 0.43 0.22 
Backfat, cm 1.48 1.39 1.54 1.47 0.081 -0.14 0.46 0.89 0.16 0.84 0.42 0.27 0.02 
KPH, % 1.90 1.88 1.91 1.96 0.027  -0.03 0.42 0.14 0.35 0.28 0.10 0.70 0.22 
a EV = exit velocity; ActEn = Actifor® Energy; Endo = endophyte status. 












Figure 3.1. Experiment 3.1: Effect of prior endophyte exposure on relationship between exit 
velocity and weight at start of experiment.  
Nontoxic fescue: Initial wt = 389 (± 11.2) kg – 11.3 ( ± 3.0) × exit velocity (P < 0.01) 
Toxic fescue: Initial wt = 351 (± 11.2) kg – 4.3 (± 3.0) × exit velocity (P = 0.15) 
 







Figure 3.2 Experiment 3.1: Effect of prior endophyte exposure on relationship between 
exit velocity and hot carcass weight (HCW) of finished cattle.  
Nontoxic fescue: Initial wt = 435 (± 12.4) kg – 18.3 ( ± 5.3) × exit velocity (P < 0.01) 
Toxic fescue: Initial wt = 402 (± 12.1) kg – 6.3 (± 5.0) × exit velocity (P = 0.21) 
 





Table 3.8. Experiment 3.2: Effects of restricted feeding, exit velocity, and prior exposure to toxic endophyte on average daily gain 
(ADG) in finishing steers.   
 Diet
a EVb Endophyte  P-value 
Itemc Restr Ad lib Fast Slow 
Non-









Endo Diet EV Endo 
Initial wt, kg 357 364 358 363 364 357 17.3 0.30 0.53 0.63 0.57 0.12 0.30 0.83 
Final wt, kg 634 677 652 659 657 654 16.2 0.38 0.52 0.98 0.59 <0.01 0.53 0.93 
Days on feed 160 160 160 160 160 160 - - - - - - - - 
ADG, kg/d               
d 0-28 1.22 1.88 1.47 1.63 1.53 1.56 0.062 0.77 0.66 0.06 0.22 <0.01 0.04 0.75 
d 28-56 1.20 1.65 1.50 1.36 1.48 1.37 0.113 0.43 0.69 0.42 0.38 0.01 0.34 0.57 
d 56-84 2.28 2.26 2.28 2.26 2.25 2.30 0.104 0.22 0.41 0.82 0.09 0.88 0.92 0.76 
d 84-112 2.35 2.49 2.41 2.42 2.45 2.39 0.092 0.97 0.77 0.17 0.55 0.30 0.93 0.65 
d 112-140 1.78 1.89 1.75 1.92 1.72 1.95 0.095 0.53 0.87 0.20 0.42 0.42 0.24 0.10 
d 140-154 1.85 1.53 1.90 1.48 1.56 1.82 0.237 0.71 0.31 0.97 0.54 0.36 0.23 0.52 
d 0-140 1.76 2.03 1.88 1.92 1.88 1.91 0.043 0.91 0.86 0.59 0.67 <0.01 0.97 0.72 
d 0-End 1.74 1.95 1.83 1.85 1.83 1.86 0.056 0.83 0.86 0.85 0.51 <0.01 0.59 0.60 
a
 Restr = 90% of ad libitum restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.47 m·s-1, and for slow group = 1.40 m·s-1. 
c
 d 0-140 (n=24); d 140-154 (n=16); d 154-174 (n=8, data for this period not included separately because of low n, but is included in 
d 0-End response); d 0-End (n=24); End = last day of experiment, which was either d154 or d174 for two slaughter groups, which 
were balanced by block. Slaughter dates for each group were determined based on target backfat estimated of 1.27 cm.  
 
 





Table 3.9. Experiment 3.2: Effects of restricted feeding, exit velocity, and prior exposure to toxic endophyte on dry matter intake by 
percent of body weight (DMI, % BW) in finishing steers.   
 Diet
a EVb Endophyte  P-value 
Itemc Restr Ad lib Fast Slow 
Non-









Endo Diet EV Endo 
DMI, %BW              
d 0-28 2.28 2.64 2.45 2.47 2.49 2.43 0.049 0.76 0.03 0.64 0.07 <0.01 0.54 0.48 
d 28-56 2.28 2.60 2.39 2.48 2.45 2.42 0.057 0.18 0.21 0.19 0.38 <0.01 0.04 0.79 
d 56-84 2.37 2.54 2.46 2.45 2.47 2.44 0.103 0.83 0.76 0.36 0.94 <0.01 0.89 0.89 
d 84-112 2.15 2.27 2.21 2.21 2.22 2.20 0.103 0.62 0.98 0.69 0.76 0.04 0.98 0.90 
d 112-140 1.91 1.97 1.95 1.92 1.93 1.94 0.057 0.56 0.85 0.67 0.42 0.23 0.55 0.95 
d 140-154 1.68 1.71 1.73 1.66 1.69 1.70 0.070 0.84 0.29 0.86 0.67 0.41 0.12 0.96 
d 0-140 2.18 2.36 2.26 2.27 2.28 2.26 0.066 0.73 0.43 0.78 0.62 <0.01 0.72 0.85 
d 0-End 2.07 2.27 2.16 2.17 2.18 2.15 0.051 0.53 0.81 0.96 0.78 <0.01 0.54 0.70 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.47 m·s-1, and for slow group = 1.40 m·s-1. 
c
 d 0-154 (n=24); d 0-End (n=24); End = last day of experiment, which varied from d154 to d174 for two slaughter groups, which were balanced 
by block. Slaughter dates for each group were determined based on target backfat estimated of 1.27 cm.  
 





Table 3.10. Experiment 3.2: Effects of restricted feeding, exit velocity, and prior exposure to toxic endophyte on dry matter intake as 
function of metabolic body weight (BW0.75) in finishing steers.   
 Diet
a EVb Endophyte  P-value 
Itemc Restr Ad lib Fast Slow 
Non-









Endo Diet EV Endo 
DMI, g·kg BW.75              
d 0-28 100 117 108 109 110 107 1.1 0.46 0.10 0.68 0.22 <0.01 0.22 0.14 
d 28-56 102 119 108 113 111 110 2.3 0.35 0.32 0.25 0.35 <0.01 0.05 0.64 
d 56-84 109 120 115 114 115 114 3.8 0.88 0.88 0.40 0.80 <0.01 0.96 0.82 
d 84-112 102 111 106 107 107 106 4.1 0.70 0.85 0.61 0.80 0.01 0.85 0.86 
d 112-140 93 98 96 95 96 96 2.6 0.47 0.84 0.74 0.47 0.08 0.65 0.97 
d 140-154 85 87 88 84 86 86 3.7 0.77 0.28 0.77 0.68 0.20 0.10 0.93 
d 0-140 101 112 106 107 107 106 2.2 0.84 0.54 0.74 0.84 <0.01 0.64 0.70 
d 0-End 97 108 102 103 104 102 1.8 0.79 0.90 0.90 0.79 <0.01 0.52 0.58 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.47 m·s-1, and for slow group = 1.40 m·s-1. 
c
 d 0-140 (n=24); d 140-154 (n=16); d 154-174 (n=8, data for this period not included separately because of low n, but is included in 
d0-End response); d 0-End (n=24); End = last day of experiment, which was either d154 or d174 for two slaughter groups, which 
were balanced by block. Slaughter dates for each group were determined based on target backfat estimated of 1.27 cm.  
 
  





Table 3.11. Experiment 3.2: Effects of restricted feeding, exit velocity, and prior exposure to toxic endophyte on feed efficiency 
(Gain:Feed) in finishing steers.   
 Diet
a EVb Endophyte  P-value 
Itemc Restr Ad lib Fast Slow 
Non-









Endo Diet EV Endo 
Gain:Feed               
d 0-28 0.142 0.183 0.156 0.170 0.157 0.169 0.0049 0.89 0.35 0.05 0.11 <0.01 0.07 0.10 
d 28-56 0.128 0.146 0.146 0.127 0.139 0.134 0.0089 0.30 0.82 0.25 0.49 0.17 0.13 0.67 
d 56-84 0.213 0.181 0.198 0.196 0.192 0.202 0.0094 0.14 0.51 0.60 0.06 0.02 0.84 0.51 
d 84-112 0.211 0.196 0.204 0.203 0.204 0.203 0.0065 0.92 0.64 0.17 0.51 0.11 0.84 0.90 
d 112-140 0.162 0.154 0.151 0.165 0.147 0.169 0.0071 0.65 0.82 0.10 0.45 0.35 0.13 0.10 
d 140-154 0.172 0.127 0.165 0.134 0.138 0.161 0.0162 0.86 0.25 0.88 0.51 0.09 0.21 0.34 
d 0-140 0.175 0.172 0.173 0.174 0.170 0.177 0.0032 0.83 0.68 0.78 0.33 0.57 0.88 0.13 
d 0-End 0.168 0.165 0.168 0.165 0.161 0.171 0.0035 0.73 0.93 0.61 0.87 0.63 0.46 0.12 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.47 m·s-1, and for slow group = 1.40 m·s-1. 
c
 d 0-140 (n=24); d 140-154 (n=16); d 154-174 (n=8, data for this period not included separately because of low n, but is included in 
d0-End response); d 0-End (n=24); End = last day of experiment, which was either d154 or d174 for two slaughter groups, which 
































































Figure 3.3. Interactions detected between main effects in the first period (d 0 to 28) of Exp. 3.2.  a) Interaction between endophyte 
status and restricted intake for ADG (P = 0.06); b) Interaction between endophyte status and restricted intake for gain:feed ratio 
(P = 0.05); c) Interaction between exit velocity and dietary restriction for DMI (P = 0.03). d,e,fMeans with different superscripts 













ΔBIC = 6.6 (strong 
evidence for heterogeneity) 
Figure 3.4. Experiment 3.2: Box plots of ADG by dietary treatment 
and exit velocity during the first period (d 0 to 28). Evidence that 
exit velocity affected variability of gain with feed restriction.  
ΔBIC is the increase in Bayesian Information Criterion value for 
the homogeneous compared with the heterogeneous (by dietary 
treatment × exit velocity) model fit in SAS Proc Mixed. 





Table 3.12. Experiment 3.2: Effects of restricted feeding, exit velocity, and prior exposure to toxic endophyte on carcass traits in 
finishing steers.   
 Diet
a EVb Endophyte  P-value 
Itemc Restr Ad lib Fast Slow 
Non-









Endo Diet EV Endo 
HCW, kg 382 413 397 398 400 396 10.4 0.68 0.78 0.84 0.47 <0.01 0.88 0.81 
DP, %  62.4 63.2 63.0 62.6 63.0 62.6 0.23 0.12 0.20 0.67 0.53 0.01 0.12 0.32 
YG  2.76 3.44 3.05 3.15 3.12 3.08 0.115 0.56 0.70 0.03 0.34 <0.01 0.47 0.80 
REA, cm2 91 92 93 91 91 92 2.7 0.48 0.38 0.27 0.57 0.60 0.36 0.80 
Marbling  495 594 533 556 550 538 16.3 0.35 0.34 0.33 0.02 <0.01 0.29 0.63 
Backfat, cm 1.12 1.57 1.33 1.36 1.33 1.36 0.061 0.90 0.66 0.10 0.21 <0.01 0.64 0.76 
KPH, % 1.81 1.94 1.87 1.88 1.85 1.90 0.030 0.75 0.97 0.18 0.06 <0.01 0.76 0.38 
a Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b EV = exit velocity treatment. Median exit velocity for fast group = 2.47 m·s-1, and for slow group = 1.40 m·s-1. 
c HCW = hot carcass weight; DP = dressing percentage; YG = yield grade; REA = ribeye area; KPH = kidney, pelvic, and heart fat.  
  
  





Table 3.13. Experiment 3.3: Effects of restricted feeding and exit velocity on average daily gain (ADG) in finishing steers.   
 Diet
a EVb  P-value 
Itemc Restr Ad lib Fast Slow SEM Diet × EV Diet EV 
Initial wt, kg 416 415 422 408 18.8 0.82 0.84 0.01 
Final wt, kg 641 657 657 642 11.8 0.15 0.06 0.08 
Days on feed 148 148 148 148 - - - - 
ADG, kg/d         
d 0-28 1.02 1.50 1.24 1.28 0.095 0.81 <0.01 0.78 
d 28-56 2.03 2.28 2.16 2.14 0.178 0.15 0.05 0.84 
d 56-84 2.00 1.79 1.91 1.87 0.068 0.63 0.05 0.66 
d 84-112 2.03 2.10 2.04 2.10 0.089 0.28 0.56 0.64 
d 112-140 1.55 1.63 1.54 1.64 0.158 0.16 0.73 0.69 
d 0-112c 1.77 1.92 1.84 1.85 0.040 0.12 0.01 0.89 
d 0-Endc 1.74 1.86 1.80 1.80 0.036 0.13 0.04 0.95 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.60 m·s-1, and for slow group = 1.77 m·s-1. 
c
 d 0-112 (n=16); d 0-End (n=16); End = last day of experiment, which varies from d119 to d154 for three slaughter groups, 









Table 3.14. Experiment 3.3: Effects of restricted feeding and exit velocity on dry matter intake as a percent of body weight 
(DMI, % BW) in finishing steers.   
 Diet
a EVb  P-value 
Itemc Restr Ad lib Fast Slow SEM Diet × EV Diet EV 
DMI, %BW        
d 0-28 2.28 2.56 2.37 2.47 0.046 0.43 <0.01 0.03 
d 28-56 2.26 2.56 2.39 2.43 0.089 0.95 <0.01 0.37 
d 56-84 2.19 2.34 2.27 2.26 0.068 0.31 0.01 0.98 
d 84-112 1.92 2.07 1.99 2.01 0.053 0.70 <0.01 0.53 
d 112-140 1.70 1.89 1.86 1.73 0.062 0.71 0.10 0.19 
d 0-112c 2.15 2.36 2.24 2.27 0.060 0.75 <0.01 0.28 
d 0-Endc 2.04 2.27 2.14 2.17 0.049 0.87 <0.01 0.42 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level. 
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.60 m·s-1, and for slow group = 1.77 m·s-1. 
c
 d 0-112 (n=16); d 0-End (n=16); End = last day of experiment, which varies from d119 to d154 for three slaughter groups, which were 
balanced by block. Slaughter dates for each group were determined based on target backfat estimated of 1.27 cm.  
 
  





Table 3.15. Experiment 3.3: Effects of restricted feeding and exit velocity on dry matter intake as a function of metabolic 
body weight (BW.75) in finishing steers. 
 Diet
a EVb  P-value 
Itemc Restr Ad lib Fast Slow SEM Diet × EV Diet EV 
DMI, g·kg BW.75        
d 0-28 104 117 108 112 1.3 0.38 <0.01 0.07 
d 28-56 105 120 112 113 3.6 0.89 <0.01 0.58 
d 56-84 105 113 109 109 2.9 0.21 0.01 0.74 
d 84-112 94 103 98 99 2.3 0.59 <0.01 0.81 
d 112-140 85 95 93 86 3.2 0.61 0.09 0.17 
d 0-112c 102 112 107 108 2.4 0.69 <0.01 0.57 
d 0-Endc 98 109 103 104 2.1 0.71 <0.01 0.85 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level. 
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.60 m·s-1, and for slow group = 1.77 m·s-1. 
c
 d 0-112 (n=16); d 0-End (n=16); End = last day of experiment, which varies from d119 to d154 for three slaughter groups, 









Table 3.16. Experiment 3.3: Effects of restricted feeding and exit velocity on feed efficiency (G:F) in finishing steers.   
 Diet
a EVb  P-value 
Itemc Restr Ad lib Fast Slow SEM Diet × EV Diet EV 
Gain:Feed         
d 0-28 0.105 0.136 0.119 0.121 0.0110 0.98 0.03 0.89 
d 28-56 0.189 0.183 0.185 0.187 0.0121 0.21 0.53 0.88 
d 56-84 0.173 0.140 0.157 0.156 0.0074 0.89 <0.01 0.94 
d 84-112 0.181 0.169 0.171 0.179 0.0075 0.39 0.27 0.44 
d 112-140 0.135 0.138 0.139 0.134 0.0223 0.19 0.59 0.50 
d 0-112c 0.164 0.157 0.159 0.162 0.0050 0.13 0.09 0.43 
d 0-Endc 0.161 0.153 0.156 0.158 0.0024 0.15 0.03 0.44 
a
 Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.60 m·s-1, and for slow group = 1.77 m·s-1. 
c 
d 0-112 (n=16); d 0-End (n=16); End = last day of experiment, which varies from d119 to d154 for three slaughter groups, 









Table 3.17. Experiment 3.3: Effects of restricted feeding and exit velocity on carcass traits in finishing steers.   
 Diet
a EVb  P-value 
Itemc Restr Ad lib Fast Slow SEM Diet × EV Diet EV 
HCW, kg 387 402 401 388 7.9 0.33 0.02 0.03 
DP, %  62.5 63.2 63.0 62.7 0.50 0.75 0.20 0.52 
YG  3.04 3.35 3.30 3.09 0.128 <0.01 0.09 0.25 
REA, cm2 90.9 92.4 92.1 91.1 1.78 0.03 0.49 0.65 
Marbling  550 585 606 529 28.2 0.27 0.25 0.01 
Backfat, cm 1.30 1.49 1.47 1.33 0.067 <0.01 0.05 0.15 
KPH, % 1.89 1.95 1.93 1.92 0.043 <0.01 0.06 0.66 
a Restr = 90% of ad libitum, restricted feeding level; Ad lib = ad libitum feeding level.  
b
 EV = exit velocity treatment. Median exit velocity for fast group = 2.60 m·s-1, and for slow group = 1.77 m·s-1. 
c HCW = hot carcass weight; DP = dressing percentage; YG = yield grade; REA = ribeye area; KPH = kidney, pelvic, and 
heart fat.  
 




SUMMARY AND CONCLUSIONS 
Exit velocity measures have potential to relate to growth performance and carcass 
traits in beef cattle being fed high-energy rations and in housing conditions common to 
feedlot management, with weaker relationships with growth under grazing management.  
Additionally, there are many challenges associated with obtaining a useful MOT.  The 
entire life cycle of cattle should be considered as it appears that prior handling and 
acclimation to facilities may influence the ability to accurately measure relationships 
between EV and growth performance.  However, even rather drastic differences in 
performance during grazing (here induced by fescue toxicosis) appear to have little 
ability to alter the nature of the relationship between EV and finishing performance.  
Further evaluation to fully understand the nature of some discovered relationships 
between EV, intake, feed efficiency, gain, and the influence of other dietary factors is 
warranted.  Although previous endophyte exposure did not alter the relationship between 
EV and ADG, there is potential for carryover effects of endophyte on effectiveness of 
dietary supplementation (e.g. phytogenics).  Additionally, determining proper 
components, mode of action, dosage, and all potential effects of phytogenic 
supplementation on beef cattle is needed before consideration as either complements or 
replacements to antibiotics.  Finally, utilizing controlled feeding may be beneficial for 
evaluating relationships among growth, feed intake and feed efficiency in research 
settings, but there are significant challenges in application to commercial feeding 
situations.           
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